


13 September 1957 


Volume 126, Number 32 








‘ial | 


iG! ser 16 1957 
rt 


&+ Cont. Copy. 


Editoriat When Scientists Disagree 
Articles  Strontium-Calcium Movement from Soil to Man: 
C. L. Comar, R. S. Russell, R. H. Wasserman 
Stockholm Natural Radiocarbon Measurements I: H. G. Ostlund 
H. R. Morgan, Astronomer: F. P. Scott 


R. M. Yerkes, Psychobiologist: L. Carmichael 
News of Science News Articles and Briefs; Scientists in the News; Recent Deaths .....2..... aso9g 


Reports Occurrence of /-Quinic Acid in Tobacco Leaves: J. K. Palmer 


Physiological Response to Air Exposure in Codfish: 
H. Leivestad, H. Andersen, P. F. Scholander 


Irregular Maintenance Schedules and Drive: J. M. Mandler 


Release of 5-Hydroxytryptamine by Benzoquinolizine Derivatives with 
Sedative Action: A. Pletscher 


Nature of the Glucuronide in Direct-Reacting Bilirubin: D. Schachter 


Absence of Chitin in Epicuticle of Some Indian Scorpions: 
M. B. Lal and S. C. Shrivastava 


Withdrawal of Positive Reinforcement as Punishment: C. B. Ferster 


Gamma Globulin Factors Protective against Infections from Pseudomonas 


and Other Organisms: R. C. Millican, J. Rust, S. M. Rosenthal 


Interrelationship between Certain Bacteria and the Rumen Ciliate 
Dasytricha ruminantium: J. Gutierrez and R. E. Hungate 


Rapid Chemical Changes in Reconstituted Dry Milk: 
M. Keeney and R. Bassette 


Book Reviews = Organic Synthesis; Battle for the Mind; Glossary of Geology and Related 
Sciences; Quantum Chemistry, an Introduction; Biochemical Problems of 
Lipids; Experimental Research on Ageing; A Revision of the Australian 
Chafers (Coieoptera: Scarabaeidae: Melolonthinae); New Books; Miscellane- 
SRP TICE oe 5 ccarnn 0 SOURS CUM Ces 2 clic Q's care « owen tea 


Meetings and Societies High-Energy Physics; Royal Society of Canada; AAAS Finances: Report for 


ERICAN 


1956; Meeting Notes; Forthcoming Events 


Equipment News 


ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 











f 


i 
i 
: 


i i i 


t bi 


1 (i 





Farrand Master Diffraction Gratings are the most 
precise ever available. They are produced on a 
Ruling Engine recently constructed according to 
the designs of Dr. John Strong. 


DATA 


Type: Master, Plane Reflection. 


Size: Blank 6” diameter. 
Ruling 5” wide x 2.8” long. 


Lines per inch: 14,400. 

Efficiency: 65-85% of Incident Energy in Blazed Region. 
° 

Ghost Intensity: Less than 0.1% in First Order of 5500 A. 


Resolution: 100% of Theoretical in Third Order or 
Better. 


IMMEDIATE DELIVERY 


The Farrand Optical Co., Inc. is 
also in a position to supply 
the FARRAND-STRONG Ruling 
Engine on special order 








HYPERFINE STRUCTURE 
OF MERCURY SPECTRUM 


Unretouched photograph taken with a 
Farrand Diffraction Grating 


THEORETICAL COMPONENTS 


is O —1 —2 


ANGSTROMS 


A=4538 A 6th ORDER (DOUBLE PASS) 
RESOLVING POWER =750,000 


Below, an unretouched photograph of a grating, 
blazed for First Order at 5500 A, illustrates the con- 
trol achieved over the groove form. 

























For beginning students 
without a prerequisite 
in chemistry 

or for students who are 
taking a single course 


in microbiology 





Krueger's Principals of 


MICROBIOLOGY 


This superbly written, easy-tc-understand text is 
ideal for introductory courses in general bacteriol- 
ogy or microbiology. All the basic principles, con- 
cepts and viewpoints of microbiology are brought 
into sharp, clear focus. 


What bearing do microorganisms have on the life 
of man—do they minister to his needs? Are they 
detrimental? Can they be utilized by man? What 
role do they play in the scheme of nature? Stu- 
dents will find that the factual, yet highly appeal- 
ing manner in which the book answers these ques- 
tions makes stimulating and absorbing study. 


Every aspect of microbiology is covered—without 
unduly emphasizing any particular branch of the 
subject. The book’s scope embraces: a general 
survey of the subject plus an historical introduc- 
tion; the principal types of microorganisms; 
microbiologic techniques and methods including 
the action of chemotherapeutic agents on micro- 
organisms; application of microbiology to various 
aspects of everyday life; and a discussion of dis- 
ease producing activities of microorganisms. 


By Water W. Kruecer, Professor of Bacteriology, Grand Rapids 
Junior College, Michigan, 648 pages, 6” x9” with 148 illustrations. 
$5.50. 





For beginning students 
with a moderate knowledge 
s i Siolosy and oy a atl 
Builds a firm foundation 
for specialization 

in other fields. 





Frobisher's Fundamentals of 


MICROBIOLOGY 


Dr. Frobisher has made this New (6th) Edition 
the most thorough revision to which his work has 
ever been subjected. It represents almost a com- 
plete rewriting. Every chapter has been carefully 
reviewed and brought up to date. Complete chap- 
ters have been rearranged, condensed or other- 
wise rewritten. 


Most significant is the condensation and simplifi- 
cation of the chapters on metabolism. Teachers 
will find this material tailored specifically for be- 
ginning students. A new chapter on “The Nutri- 
tion, Metabolism and Cultivation of the Micro- 
organisms” combines material from three chapters 
in the old edition. 


The aim in this New (6th) Edition has been to 
present current information about fundamental 
principles of microbiology, with modern examples, 
in as readable and interesting a manner as possible. 
Newer illustrations replace many older ones. 


By Martin FrosisHer, Jr., Sc.D., Special Consultant, Bacteriology 
Branch, Communicable Disease Center, US Public Health Service; 
Associate Professor of Bacteriology, Emory University; Formerly Pro- 
fessor of Bacteriology, Johns Hopkins University; Professor and Head, 
Department of Bacteriology, University of Georgia. 617 pages, 6” x 
9%”, with 224 illustrations. $6.50. New (6th) Edition! 


Gladly Sent to Teachers for Consideration as Texts 


W. B. SAUNDERS COMPANY 


West Washington Square 


Philadelphia 5 
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matter under the act of 3 March 1879. Annual subscriptions: $7.50; foreign p stage, $1; 


13 SEPTEMBER 1957 





P aS°, 


475 






















































































At last « detergent in tablet form that provides 
a new and better way to clean a full load of 
pipettes in one easy operation in your regular 
pipette rinser... Faster, more efficient... one 
Alcotab releases a controlled amount of deter- 
gent solution in the first 8— 10 cycles that flows 
through and around the pipettes insuring thor- 
ough cleaning... after the Alcotab has been 
consumed, rinsing follows automatically... 
leaving film-free sparkling pipettes. 








Alcotabs remove even the most stubborn foreign 
matter, blood serum, etc., in either warm or 
cold...hard or soft water. Order a supply of 
new Alcotabs today! 


Box of 100 tablets $5.00. 


Drop one Alcotab into Turn on either cold or 
@ Pipette Washer. @ warm water. 


; : After the Alcotab has 
? Place holder with Pip- 4 dissolved allow to rinse 
@ ettes into washer. @ in the usual manner. 


eee 


SA RG E NT SCIENTIFIC LABORATORY INSTRUMENTS 
APPARATUS © SUPPLIES © CHEMICALS 
€. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 
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) Leite first in precision optics 
THE NEW LEITZ MICRO MANIPULATO 

















Horizontal and vertical movements of this mechanically operated instrument are independ- 
ent, but can be adjusted simultaneously. Adjustable ratio of movement enables micro knives, 
needles, pipettes, etc., to be kept within a field of 0.1 mm. Single and double needle holders 
are available. Positive control of micro-instruments, without backlash, drift, or thermal 
expansion assured. 


A reputation for integrity and a tradition of service have led thousands of scientific workers to 
bring their optical problems to Leitz. If you have problems in this field, why not let us help you 
with them? 














Poe er nm nm nr nr nr nr nnn ne ee ee eee 7 
E. LEITZ, INC., Dept. SC-9 i 
| 468 Fourth Avenue, New York 16, N.Y. | 

1 
Please send me the Leitz brochure. 4 

See your Leitz dealer and examine these Leitz | ! 

instruments soon. Write for information.| ““* 
: STREET. | 
CITY. ZONE. STATE 
eT al 


E. LEITZ, inC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the world-famous products of 
Ernst Leitz G.m.b.H., Wetziar Germany- Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES MICROSCOPES - BINOCULARS 
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ATOMIC ENERGY AND AGRICULTURE 


September 1957 
Publication No. 49 of the American Association for the Advancement of Science 





6” x 9”, 460 pages, 44 illustrations, 22 papers, 32 contributors, index, clothbound. 
(Special cash order price for AAAS members $8.25 ) Price $9.50 


Editor: C. L. Comar, Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn. 


Associate Editors: R. F. Reitemeier, U.S. Dept. of Agriculture, Washington, D.C. 
H. B. Tukey, Dept. of Horticulture, Michigan State University, East Lansing 
H. Patrick, UT-AEC Agricultural Research Program, University of Tennessee, Knoxville 
B. F. Trum, Veterinary Corps, U.S. Army, Washington, D.C. 











The contributors to this volume are well recognized in their own fields because of their 
broad understanding of agricultural problems and their years of experience in the ap- 
plication of atomic energy procedures. 


The contributions cover: 
soil-plant relations, 
various aspects of plant metabolism, 


a direct application to crop improvement based on response of the biological 
system to ionizing radiation, 


various aspects of agricultural entomology, 
some uses of radioisotopes in animal nutrition and metabolism, : 
the feasibility of food preservation by irradiation. 4 


The volume will serve the administrator, research worker, and student by 
providing: 
an organized and realistic picture of the state of knowledge in this field, 


a critical examination of past work with enough specific examples to give 
tangible information, 


suggestions for profitable areas of future research, 


stimulation of interest in novel techniques and approaches to important 8. 
problems. 





The material is of unusual interest. Atomic Energy and Agriculture has much to 
offer to both the scientist and the intelligent layman. 








British Agents: Bailey Bros. & Swinfen, Ltd., 46 St. Giles High Street, 
London W.C. 2, England English price 86/— 








Mail your order now: 
To: AAAS PUBLICATIONS, 1515 Massachusetts Avenue, NW, Washington 5, D.C. 


Please accept my order for .... copies of Atomic Energy and Agriculture. My check or money 
order in the amount of $........ is enclosed. 
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RECORDING ACCESSORIES 








Auxiliary Recorder 


Interchange Assembly 






Microbeam Condenser | 


POOR eee eee eee ee eee EEE H EEE EEE ESE EEE eeEe eee eeeeeee 


SAMPLE HANDLING EQUIPMENT 


Micro Sealed 
Liquid Cell 
Micro Solid * 
Sample Holder 


%” KBr Die 
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For complete information on. the 
Beckman IR-4 Spectrophotometer and 
the complete line of IR-4 accessories, 
write for Data File L-3 4-38. 
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A COMPLETE LINE OF ACCESSORIES FOR THE 


Beckman IR-4 Spectrophotometer 
MOST VERSATILE INSTRUMENT IN INFRARED 


The Beckman IR-4 automatic recording infrared spectrophotometer 
adds a new dimension to infrared spectroscopy. Exclusive double-beam 
double-monochromator system provides unsurpassed resolutian and 
faster recording speeds . . . virtually eliminates stray light. Push-button 
controls permit the spectroscopist to concentrate on interpretation in- 
stead of operation. Horizontal recorder keeps the entire spectrum in 
view at all times. And now this new dimension in infrared spectroscopy 
is made even broader with the IR-4’s complete line of accessories. 


AUXILIARY RECORDER AND ATTACHMENT permits recording of standard spectra 
in reduced size simultaneously on McBee cards, IBM cards or intermediate- 
size charts. Cards are particularly valuable for easy cataloging and rapid 
identification of spectra. Intermediate charts can record absorbance while 
IR-4 is recording in transmittance, if linear absorbance attachment is used. 


LINEAR ABSORBANCE ATTACHMENT allows recording in either percent trans- 
mittance or absorbance. Both data presentations can be obtained simulta- 
neously if auxiliary recorder and attachment is used. 


INTERCHANGE ASSEMBLIES include two prisms, base casting, prism mounts, Lit- 
trow mirrors, wavelength cam, slit program potentiometer—all assembled 
and aligned. Extra interchange assemblies supplied with thermostatically- 
controlled heated storage boxes to maintain the assemblies at instrument 
temperature. Thus, there is no waiting period for temperature stabilization 
after changing optical assemblies. Interchange requires only 2 to 3 minutes. 
Delivered complete and ready to install. Available: Cesium Bromide, Sodium 
Chloride, Potassium Bromide, Calcium Fluoride, Lithium Fluoride. 


MICROBEAM CONDENSER minifies the beam size in the sample path — useful 
when studying micro-samples. Has KBr lenses and focusing element. Align- 
ment is positive and reproducible without adjustment. 


SPECULAR REFLECTANCE ATTACHMENT is used for the determination of specular 
reflectance of surfaces, films and coatings. 


ENTRANCE BEAM POLARIZER, available on special order, polarizes the entrance 
beam to facilitate the study of fibres, films and crystals. 


LIQUID CELLS with interchangeable parts are economical to order and stock. 
Standard sealed liquid cell and 3 x 25 mm micro-cell use same metal bodies, 
windows and gaskets. All metal parts of passivated stainless steel; filling 
hole plugs of teflon. Micro-liquid cells require only 0.002 ml of sample. 


GAS CELLS, two models available: 10 cm cells with glass bodies, multi-reflection 
(folded path) cells for long path studies or minute gas concentrations. 


DEMOUNTABLE CELLS provide plate holder for films, one and/or two single- 
thickness plates, and double-thickness compensating plates. 


WEDGE CELL provides solvent compensation with maximum simplicity and 
convenience at minimum cost. 


SOLID SAMPLE HOLDER holds 1 x 5 mm KBr pellets and solid films. 


KBr DIES AND PELLET HOLDERS for analysis of solids for which suitable solvents 
are not available, or because other factors necessitate solid phase infrared 
measurements. For micro-samples, a 4%” KBr Die produces pellets that re- 
quire as little as 6 mcgm of sample and can be used without micro-optics. 
Also available are dies for producing 5 x 25 mm pellets, 4” plates (both usable 
without micro-optics) and 1 x 5 mm pellets for use with beam condenser. 


WINDOW POLISHING KIT contains all necessary materials and instructions. Kit 
can be used with all sample cells, since same windows are used in liquid, 
demountable and micro-liquid cells. 


Beckman: me 
ec Scientific Instruments Division 
2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc. 
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ATOM FAIR«7 


the trade fair of the 
atomic industry 


: COLISEUM, NEW YORK CITY 
WISHING ... for one dependable OCTOBER 28-31 


j j ? sponsored by 
source for research biochemicals 7 pemceg te 
Let NUTRITIONAL BIOCHEMICALS CORPORATION be the one 


answer to all your problems of quality, service, and economy 


























in the biochemical field. CONCURRENT WITH: 4th annual Forum 
A COMPLETE SELECTION OF atomic, industry conference, October 28-30; winter 
MORE THAN 165 NUCLEOPROTEINS and DERIVATIVES meeting 6f American Nuclear Society, October 28- 
Typical Derivatives 30; annual conference of IRE Professional Group 
Adenosine Triphosphate 6 Mercaptopurine on Nuclear Science, October 31, Nov. 1; and the 
Cytidine Uridylic Acid Conference on Reactor Safety, sponsored by ANS, 
"3 Cozymase Uridine AIF and the U.S. Atomic Energy Commission, 
Coenzyme 1, 11, A 2, 6 Diamino Purine Sulfate October 31. 
J Cytosine 8 Aza Guanine 














For Complimentary Trade Fair Tickets and 
Conference Details—vwrite: 


DEPARTMENT AF 








NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 






















21010 Miles Avenue ... Cleveland 28, Obio Nie Coles ATOMIC INDUSTRIAL FORUM 
BME Over 1700 Tem: 3 EAST 54 STREET, NEW YORK 22 
Write Dept. 102 : 











THE CATHETER HEART MICROPHONE IS NOW AVAILABLE 


The Intracardiac Phonocatheter developed by Wallace, Brown and 
Lewis is now being produced by American Electronic Laboratories, 
Inc., in a form for use by the Giagnosticianfand the clinician. 




























Model 190 Preamplifier for use with the ‘‘191’’ and ‘192’ phonocatheters. 
This unit is internally powered and is supplied with an adapter plug to 
feed most standard EKG equipments for permanent records, Supplied in 
rugged permanent storage case. . » « $195.00 each 


Medel 191 Single Lumen phonocatheter, length approximately 150 cm. . «+ $95.00 each 


Model 192 Double Lumen phonocatheter, length approximately 150 cm. Sup- 


plied with standard Luer-lock fitting. . . » $135.00 each | 

Kit A 3 Model 191 catheters and 1 Model 190 preamplifier with adapter plug. . . . $450.00 complete T 

Kit B 3 Model 192 catheters and 1 Model 190 preamplifier with adapter plug. .. . $550.00 complete tory 

are 

Kit C 2 Model 191, 2 Model 192 catheters and 1 Model 190 preamplifier with ing 

adapter plug. . » » $600.00 complete hig! 

viou 

All Kits are supplied in a rugged permanent storage case. tric: 

piec 

Listing of reference eng’ 


repr nd rie AMERICAN ELECTRONIC LABORATORIES, Inc. R 


available without prol 
obligation. 121 N. 7th Street, Philadelphia 6, Pa. Telephone WAlInut 5-8780 met. 
asso 
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Robert M. Parke, M.S., University 
of Michigan (1933), joined the 
General Electric Research Labo- 
ratory in 1952, and now serves as 
manager of the Materials Appli- 
cation and Evaluation Section. 
He is a widely known authority 
on refractory metals, transfor- 
mations in steel, and metal proc- 
essing, and he has served as a 
civilian advisor to the Army, 
Navy, and Office of Scientific 
Research and Development. 


‘Difficult’? metals aid defense 


New processing techniques developed by General Electric's 
Robert M. Parke make casting of refractory metals easier 


The word refractory implies “difficult.” The refrac- 
| tory metals — such as tungsten and molybdenum — 
are very difficult to melt and cast, but their high melt- 
ing points go hand in hand with their outstanding 
high-temperature strength. Thus these metals, pre- 
viously used mostly as wire and thin sheet for elec- 
) trical and electronic devices, now are needed in large 
pieces for modern defense equipment such as jet 
| engines and missiles. 

Robert M. Parke has helped solve many of the 
problems associated with easting ingots of “difficult” 
metals weighing several hundred pounds. He and his 
associates at the General Electric Research Labora- 
tory have developed new techniques for “growing” 
electrodes of refractory metals, permitting continu- 


ous melting and casting in special arc furnaces. The 
ingots produced by these processes are extremely 
pure as well as large. This means improved materials 
not only for defense, but for products used in the 
home and industry. 

At General Electric, such research is motivated by 
a belief that providing scientists with the tools, the 
incentives, and the freedom to seek out new knowledge 
is the first step toward progress for everyone. 


Progress /s Our Most Important Product 


GENERAL @) ELECTRIC 






























JOURNAL OF 
NUCLEAR ENERGY 


Including the Soviet Journal of 
Atomic Energy 


Edited by Dr. J. V. DuNWortTH (Editor-in-Chief) 
and Dr. D. J. LITTLER, et al. 


Now, with the co-operation of the U.S.S.R. Acad- 
emy of Sciences, JOURNAL OF NUCLEAR 
ENERGY includes an edited translation of 
Atomnaya Energiya. Thus, the Journal establishes 
itself even more as the leading source of study 
and information in this field ... it now enables 
western scientists and technologists to keep 
abreast of Russian research in the field of atomic 
energy. Monthly. 1958, Volumes 7, 8 & 9. 

vols. per year. $20.00 per volume 


JOURNAL OF 
INORGANIC AND 
NUCLEAR CHEMISTRY 


Editors: J. J. Katz, Chicago, H. A. C. McKay, 
Harwell, E. J. W. Verwey, Hindhoven. 


Publishes original research papers, both experi- 
mental and theoretical, in the inorganic field. The 
emphasis will be primarily on such topics as: new 
compounds and reactions, structures, solution com- 
plexes, reaction mechanisms, etc. Monthly. 1958, 
Volumes 6, 7 & 8. 

8 vols. per year. $17.00 per volume 





A Selection of 
Pergamon Press International Research Journals 












INTERNATIONAL JOURNAL 
OF APPLIED RADIATION 
AND ISOTOPES 


Editors: P. C. AEBERSOLD, Oak Ridge, A. J. W. 
ATEN, Jr, Amsterdam, et al. 


A medium for the publication of isotope and radia- 
tion techniques, especially novel ones and those 
capable of wide application. These comprise tech- 
niques of any kind in which radioactive material 
is used for research and control or in which radia- 
tions from large sources or machines such as linear 
accelerators, cyclotrons, Van de Graaffs are em- 
ployed. The journal includes reviews, Technical 
Notes and International News. 1958, Volumes 4, 
5 & 6. 3 vols. per year. $17.00 per vol. 





THE PHYSICS AND 
CHEMISTRY OF SOLIDS 


AN INTERNATIONAL JOURNAL 


Editor-in-Chief: Harvey Brooks, Harvard Univer- 
sity. 


The general field of interest of this journal centers 
around the electronic structure of solids, and those 
properties which can be directly related to elec- 
tronic structure in a fundamental way. It brings 
together in a common forum the best contribu- 
tions in the basic physics and chemistry of the 
solid state from all over the world. Monthly. 
1958, Volumes 4, 5 & 6. 

3 vols. per year. $17.00 per vol. 












TETRAHEDRON 


THE INTERNATIONAL 
JOURNAL OF 
ORGANIC CHEMISTRY 
Founded by Sir Ropert ROBINSON. Assisted 
by an International Honorary Editorial Ad- 


visory Board under the co-chairmanship of 
Sir ROBERT ROBINSON and R. B. Woopwarpb. 





Tetrahedron covers all aspects of organic 
chemistry, whether theoretical or practical, 
analytical or synthetic, physical or biological, 
including papers on applied chemistry which 
have a pure organic chemical content. The 
journal publishes original memoirs, prelimi- 
nary communications and notes. Monthly. 
1958, Volumes 2, 3 & 4. 


8 vols. per year. $17.00 per vol. 













NEW YORK 


122 East 55th Street, 
New York 22, N.Y. 


LONDON 


46& 5 Fitzroy Square, 
London, W.1. 





PERGAMON PRESS 







PARIS LOS ANGELES 
24 Rue des Ecoles, 10638, South Wilton Place, 
Paris Ve. Los Angeles 47, California 
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When Scientists Disagree 


The possibility that advances in science may have important social con- 
sequences is not new. Nor is it novel to find scientists in dispute about the 
meaning of a particular finding. But the recent striking increase in the first 
possibility has made the general public forcibly aware of the second. The 
result, in part, is a distrust of science arising from honest perplexity, for 
one may well ask who shall decide when scientists disagree. What the sci- 
entific enterprise needs is something better in the way of public relations, 
and the first point to make clear is that disagreement in science differs from 
the more familiar kinds of disagreement in an important respect. 

In analyzing kinds of disagreement, it may be helpful to borrow the dis- 
tinction between disagreements in attitude and disagreements in belief that 
was introduced by the contemporary American philosopher C. L. Steven- 
son. Suppose that a group of boys are considering playing a game. If one 
wants to play football and another baseball, this is a difference in attitude. 
But once football, say, is decided upon, and its rules accepted, then, if one 
boy claims that his opponent was offside and the latter says he was not, this 
is a difference in belief. A corollary of this distinction is that there is no 
logical connection between disagreements in attitude and disagreements 
in bqief, although the two may be related as a matter of psychological fact. 
For §xample, if one of the boys wants to play baseball under the impression 
thatfit is spring, when in fact it is fall, his choice of game might change 
once his beliefs were corrected. 

This is not to deny that the disputes usually encountered in the world 
are complex affairs. The point is that they are complex in a special way, 
for they involve differences both in attitude and in belief. For example, in 
a dispute between management and labor, the opposing parties may dis- 
agree about how much profit management is making—that is, in the facts 
of the case—as well as in their respective judgments about what constitutes 
a fair profit. Other examples of disputes that are complex in this special 
way include the differences between the Republicans and the Democrats, 
between the supporters of integration and of segregation, and between the 
faculty and the administration of a college. 

In broadest outline, a scientific dispute differs from other disputes in that 
it involves only one kind of disagreement, a disagreement in belief. The 
attitude accepted by both parties is the scientific attitude, which finds that 
the way to answer a question, if it can be answered at all, is by an appeal 
to experiment—not by an appeal to force, to a vote, to authority, or to per- 
sonal revelation. Further, the appeal to experiment must be conducted 
according to those principles that sometimes are collectively referred to as 
scientific method (see editorial in Science of 6 Sept. 1957). 

To be sure, this account of the difference between scientific disagreement 
and the more familiar kinds of disagreement is oversimplified. Actually, in 
science there may be differences in attitude within the area of fundamental 
agreement. For example, in seeking an explanation for a particular behav- 
ioral disorder, one group may stress the subject’s early training, another 
may emphasize organic disturbances. Nevertheless, when there is disagree- 
ment in belief, but agreement in scientific attitude, there is at least some 
assurance, that the dispute is only temporary, because further application 
of the same method, a method accepted by both sides, may decide the 
question.—J. T. 
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Strontium-Calcium 


Movement from Soil to Man 


C. L. Comar, R. Scott Russell, R. H. Wasserman 


Attention has been focused on the pos- 
sibility of hazards from contamination 
of the biosphere with strontium-90 pro- 
duced and disseminated by atomic ex- 
plosions. Other fission products have 
been considered less potentially hazard- 
ous because of lower fission yield, shorter 
half-life, or smaller incorporation into 
biological systems. Some heed, however, 
has been paid to possible hazards from 
radioisotopes of iodine (J) and cesium 
(2) and to the irradiation of the gastro- 
intestinal tract from radioactive mate- 
rial that is ingested but not absorbed. 
The concern regarding strontium-90 
arises because it moves similarly to cal- 
cium in food chains; it is well absorbed 
by plants, animals, and man; it is de- 
posited and retained in bones; it is trans- 
mitted to milk and to the developing 
fetus; and it is known to cause bone 
tumors and is suspected of causing leu- 
kemia. 

The incorporation of strontium-90 in 
the biosphere generally occurs as follows 
(3). Large weapons (megaton) deposit 
a large fraction of their strontium-90 in 
the stratosphere; this material slowly 
passes back into the troposphere with an 
average residence time in the strato- 
sphere of about 10 years. Small weapons 
(kiloton) deposit their strontium-90 in 
the troposphere. The radioactivity in the 





Dr. Comar and Dr. Wasserman are with the 
medical division, Oak Ridge Institute of Nuclear 
Studies, Oak Ridge, Tenn., under contract with 
the U.S. Atomic Energy Commission; Dr. Russell 
is with the department of agriculture, University 
of Oxford, Oxford, England, and the Agricultural 
Research Council Radiobiological Laboratory, 
Compton, Berkshire. Dr. Comar and Dr. Russell 
will present an evening lecture on the subject of 
this article during the UNESCO International 
Conference on the Scientific Use of Radioisotopes, 
which is to be held in Paris, France, 9-20 Sept: 


13 SEPTEMBER 1957 


troposphere, regardless of origin, is rela- 
tively quickly deposited on the surface 
of the earth, primarily by precipitation. 
Thus “kiloton” debris is deposited in 
restricted latitudes of origin, whereas 
“megaton” debris is widely distributed 
over the world. The strontium-90 falls 
out upon the surface of the soil and 
foliage. At any given time the stron- 
tium-90 available to the grazing animal 
can be classified as follows: (i) stron- 
tium-90 on the surface of foliage, (ii) 
strontium-90 incorporated in plant tissue 
by foliar absorption and mixed to a vari- 
able degree with plant calcium, and (iii) 
strontium-90 in plant tissue that had 
been mixed with the labile calcium of 
the soil and absorbed by the roots. The 
extent to which the strontium-90 is di- 
luted with calcium will be least in source 
i and greatest in source iii. The rela- 
tive contributions of these three sources 
will change with time; sources i and ii 
will become less significant when the 
contribution of new fallout is small com- 
pared with the previous contamination 
of the soil. 

Two major areas of information are 
required to evaluate the potential hazard 
from the deposition of strontium-90 on 
the earth’s surface: (i) What are and 
will be the levels of strontium-90 in the 
human population? (ii) At what levels 
of strontium-90 will damage occur? The 
second question does, not fall within the 
scope of the present paper. In the evalu- 
ation of levels of strontium-90 in the 
biosphere, there is considerable advan- 
tage in dealing with strontium-90 to cal- 
cium ratios rather than with the abso- 
lute amounts of strontium-90 entering or 
leaving an organism. This is because ex- 
posure of the population occurs by way 


of strontium-90 contamination of dietary 
calcium, and strontium metabolism gen- 
erally parallels and is interrelated with 
calcium metabolism; for example, the 
strontium-to-calcium ratios in the bones 
and tissues of animals are directly re- 
lated to the ratio in the dietary intake. 
The level of contamination can easily 
be calculated from the strontium-90-to- 
calcium ratio when the calcium concen- 
tration in the tissue is known. The ques- 
tion to be considered therefore resolves 
itself as follows: What will be the stron- 
tium-90-to-calcium ratio in the human 
population as related to the strontium- 
90-to-calcium ratio of the dietary intake 
and as related to the strontium-90-to- 
calcium ratio of the vegetation, and how 
will this vary with the quantity of stron- 
tium-90 that is deposited on the ground 
surface? Under steady-state conditions, 
the relation between the strontium-90- 
to-calcium ratio of the body and the 
deposition in soil will be governed by 
the differential behavior of the two ele- 
ments in a series of physical and physio- 
logical processes. 

This article (4) reviews the findings 
related to the differential behavior of the 
two elements and is intended to serve as 
a basis for predicting the levels to be ex- 
pected when the soil content and dietary 
intake can be estimated. 


General Methods 


Several modes of expression have been 
used to denote the comparative move- 
ment of strontium and calcium in bio- 
logical systems (5, 6). We propose to 
use the term strontium-calcium observed 
ratio (OR) to denote the over-all dis- 
crimination that is observed in the move- 
ment of the two elements from one phase 
to another. 


Sr/Ca of sample 
Sr/Ca of precursor 
1 


ORsampte-precar sor — 





As is brought out in subsequent para- 
graphs, care must be taken in estimation 
of OR values; it is especially important 
that the strontium-to-calcium ratios as 
measured truly represent the ratio as ac- 
tually available to the organism, and as 
actually derived from the measured pre- 
cursor. 

To denote the discrimination that is 
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produced by a_ given’ physiological 
process, we propose to use the term 
strontium-calcium discrimination factor 


(DF). By definition: 


OR = (DF:) (DF:)(DFs) ... (OF) 


The DF values are given specific names 
to denote the physiological process in- 
volved—for example, DFyinary desig- 
nates the contribution to the over-all dis- 
crimination in the body that results from 
differential handling of the two elements 
by the kidney. 

There are three types of procedures 
used to obtain information on the com- 
parative metabolism of strontium and 
calcium. 

1) Analysis of natural strontium-cal- 
cium ratios in the precursor material and 
in the tissues deriving these minerals 
from the precursor (6). A disadvantage 
is the difficult technique required for 
analysis of naturally occurring strontium. 
Another difficulty, particularly in soil- 
plant studies, is that the chemically de- 
termined values for strontium and cal- 
cium in the soil may not represent 
accurately the relative amounts avail- 
able to the plant. In studies of man and 
animals by this method, it is necessary 
that the subjects have been exposed to a 
constant strontium-to-calcium ratio all 
their lives in order that reasonable in- 
terpretations may be made. 

2) Analysis and radioassay of tissue 
deriving its strontium and calcium from 
precursors with a constant ratio of added 
radiostrontium (strontium*) to naturally 
occurring calcium (7). This method re- 
quires feeding of the “spiked” nutrients 
(strontium-90 enriched) for a time long 
enough so that there is no interference 
from calcium stores laid down before the 
feeding began. Survey studies on the 
ratios of strontium-90 to calcium from 
fallout belong in this category. Difficul- 
ties of interpretation arise because (i) 
there may be preexisting stores of uncon- 
taminated calcium in the organism; (ii) 
all the calcium of the intake may not 
become uniformly labeled with the 
strontium-90, since some of the stron- 
tium-90 that enters food chains will have 
been deposited aerially on the leaves, 
while part will have been absorbed from 
the soil; (iii) the discrimination may 
change with time—for example, from 
development in utero where there is a 
placental barrier, through the heavy 
milk-drinking stage where there is a lac- 
tation barrier, to the normal adult diet; 
(iv) the strontium-90-to-calcium ratio 
may also change with time as fallout oc- 
curs. In some instances, however, such 
as the analysis of foliage and of milk pro- 
duced by animals grazing thereon, use- 
ful information is already available for 
certain discrimination processes. 

3) Radioassay of tissues from organ- 
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isms receiving nutrient intakes of stron- 
tium* and calcium* in known and con- 
stant ratio (5). This method (also called 
double labeling) is most convenient from 
an experimental standpoint, because the 
feeding time usually need not be more 
than a few days, since there is no inter- 
ference from the preexisting calcium 
reservoir in the organism. 


Strontium-Calcium Relationships 


in Plants 


When plants are grown in soil, their 
content of strontium and calcium reflects 
the behavior of the two ions both before 
and after they cross the interface be- 
tween the soil and the plant. It is there- 
fore convenient to consider first the sim- 
pler systems of plants growing in inor- 
ganic solutions. By comparing the effects 
observed under these conditions with 
those occurring in plant-soil systems, in- 
formation can be obtained on the be- 
havior of the two ions in the complex 
physicochemical system of the soil. 

The major part of the dietary stron- 
tium and calcium that man or animals 
receive from plants is contained in 
leaves; other aerial tissues make a much 
smaller contribution. It is known that 
strontium that has reached leaves is re- 
distributed to other tissues to only a 
negligible extent (8); thus its movement 
through the plant is unidirectional from 
the root upward. Many studies in water 
culture have suggested that strontium 
and calcium are absorbed in a similar 
manner, and some results have encour- 
aged the view that plants do not dis- 
criminate between the two ions. More 
detailed investigations; however, indicate 
that the interaction between strontium 
and calcium is more complex and that 
the OR may decrease progressively from 
the absorbing roots to the more remote 
aerial tissues (9, 10). Values for the 
aboveground parts of the majority of 
plants of major agricultural importance 
have been reported or can be calculated 
from pub!ished data. The range of values 
for the OR¢otai pant shoot-outer medium 4P- 
pears to be in the order 0.7 to 1.3 (9, 
11, 12). The majority of values are 
slightly below 1. Little information is 
available regarding storage organs—that 
is, potatoes, carrots, and so forth. 
Whereas only a small discrimination be- 
tween the two ions appears to occur in 
the total shoot, the ORgtom tissues-outer 
medium May reach values in excess of 5 
(12). 

These results are compatible with the 
view that the two ions interact in a se- 
quence of exchange reactions during 
their passage from the outer medium to 
the shoots, strontium being retained to a 
somewhat greater extent at each step. 
Since plants possess no excretory mecha- 


nism, and since the major fraction of 
both ions entering the plants eventually 
reaches the leaves, no great discrimina- 
tion is possible in these tissues. In the 
stem nodes, however, where a fraction of 
the upwardly moving divalent cations is 
temporarily retained, the separation of 
the two ions is subject to no such limita- 
tion. The high OR values that can occur 
in stems are attributed to this cause. 

It is to be expected that the extent of 
discrimination between the two ions in 
such a system will vary with time and 
with the degree to which possible sites 
of retention are saturated. The possible 
extent of such changes has been shown 
by allowing barley plants to absorb 
strontium-89 and calcium-45 for 24 
hours and examining them either im- 
mediately or after an interval of 56 days, 
no further tracers being applied. During 
this interval, upward movement from 
roots increased the strontium-89 content 
of the shoots by 40 percent, and the 
ORtotai shoot-outer medium Tose from 0.85 
to 0.95, while the stem nodes-outer 
medium rose from 0.99 to 2.4. It there- 
fore appears possible that the range in 
the observed value for the ORiotai shoot- 
outer medium May largely reflect contrast- 
ing experimental conditions and, further- 
more, that when plants differ in their 
growth habits, no consistent relationship 
can be expected between their OR val- 
ues. Reports of varying ratios of native 
calcium to strontium in miscellaneous 
fragments of wild plants (13) at differ- 
ent stages of their development therefore 
provide no basis for interspecific com- 
parisons. The available evidence thus 
points to the conclusion that little dis- 
crimination between the dietary calcium 
and strontium of man or animals occurs 
in its passage through plants. Fuller in- 
formation with regard to storage organs 
is, however, desirable. 


Plant/Soil Relationships 


The similarity of the behavior of stron- 
tium and calcium in plants has, not sur- 
prisingly, encouraged the hope that the 
absorption of strontium-90 from soil can 
be reduced by addition of lime. Unfor- 
tunately this optimistic generalization is 
not supported by experimental -evidence. 
The majority of the data now available 
have been derived from small-scale ex- 
periments, but a sufficiently wide range 
of soils has been used for a broad pattern 
to be apparent for a reasonable range of 
agricultural soils in temperate climates. 
Fuller and Flocker (1/4) found that lime 
equivalent to 2 tons per acre reduced the 
strontium content of plants grown in an 
acid forest soil by nearly one-fifth, and 
the strontium-89-to-calcium ratio was 
lowered by more than 45 percent. How- 
ever, much smaller and highly variable 
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Table 1. Effect of lime applied at a rate equivalent to 2 tons per acre on the strontium*- 
to-calcium ratio in cereals (after Fuller and Flocker, /4). 








Exchangeable Ca, 





Soil (milliequiva- 

lents/100 g) 
Pima clay loam 30.0 
Pima clay loam 30.0 
Chino clay 20.4 
Chino clay 20.4 
Sandy loam from Flagstaff 17.9 
Sandy loam from Flagstaff 17.9 
Gila sandy clay loam 17.7 
Gila sandy clay loam 17.7 
Mohave sandy clay loam 15.4 
Mohave sandy clay loam 15.4 
Laveen sandy loam 8.6 
Laveen sandy loam 8.6 
Tucson sandy loam 8.4 
Tucson sandy loam 8.4 
Tubac sandy loam 8.0 
Tubac sandy loam 8.0 


Tucson sandy loam 

Tucson sandy loam 

Pima sand loam 

Pima sand loam 

Least significant difference 
0.05 for CaCOs treatment 
only 


vgn 
oouwuw 








Lime Sr (%) a 
“ 0.00408 48 
+ 0.00353 59 
“ 0.00350 64 
+ 0.00364 69 
= 0.00656 32 
+ 0.00600 39 
- 0.00713 35 
+ 0.00684 39 
ze 0.00931 26 
+ 0.00902 26 
- 0.00942 19 
+ 0.00919 21 
- 0.01224 19 
+ 0.01094 20 
Ms 0.01001 16 
. 0.00953 17 
- 0.01304 17 
+ 0.01299 19 
- 0.01704 14 
+ 0.01953 13 


0.00031 4 





effects occurred in a wide range of agri- 
cultural soils (Table 1). Fuller and 
Flocker concluded that “little practical 
significance attaches to the effect of 
lime.” 

Romney e? al. (10) found that calcium 
carbonate at a rate equivalent to 2 to 5 
tons per acre reduced the absorption of 
strontium-90 from a soil very poor in cal- 
cium by approximately 60 percent. 
Higher dressing caused no further reduc- 
tion, and the dressing that reduced the 
absorption of strontium-90 was similar 
to that necessary to insure good crop pro- 
duction. Calcium sulfate caused a greater 
reduction in the absorption of strontium- 
90. Neither treatment, however, caused a 
significant effect when the soils contained 
calcium in the range optimal for growth 
of crops. Reitemeier (15) has reported 
a significant reduction of the strontium- 
89-to-calcium ratio in soybeans, but not 
in bluegrass, when 4 tons of lime per acre 
was rotary-tilled into the upper 6 inches 
of a contaminated silt loam having an 
initial pH of 5.2. Surface applications of 
lime at the same rate had no significant 
effect on the ratio in either crop. In a 
field-scale experiment on a calcareous 
soil in the United Kingdom, lime at the 
rate of 2 tons per acre has been without 
effect on the absorption of strontium-89 
or on the strontium*-to-calcium ratio 
(16). It appears in general that, when 
soils contain sufficient lime to promote 
good growth of crops, further additions 
will provide little protection against 
strontium-90. Fuller investigations of 
acid soil types are, however,: desirable; 
no data for tropical and subtropical con- 
ditions are yet available. 
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Despite the lack of any great effect of 
liming on the strontium-90 content of 
plants grown in many soils, a close nega- 
tive correlation exists between the quan- 
tity of strontium absorbed by plants and 
the quantity of calcium that can be dis- 
placed from soils by the ammonium ion 
(14). A comparable relationship holds 
between the absorption of strontium by 
the plant and the quantity of isotopically 
exchangeable calcium in soils (i7). The 
explanation of this seemingly paradoxi- 
cal situation must be sought in the physi- 
cochemical reactions by which calcium 
and strontium can be retained in the 
soil or in the rate of reaction of liming 
materials with soils. Although these 
mechanisms are as yet very incompletely 
understood, there is abundant evidence 
of their complexity. For example, when 
soils are suspended in solutions of labeled 
calcium, a rapid isotopic exchange of 
calcium occurs in 1 day or less, but 
thereafter a slow exchange reaction may 
continue so that isotopic equilibrium is 
not reached in some soils even after 2 
weeks or more. 

Interesting information has also been 
obtained from experiments in which car- 
rier-free strontium-89 or strontium-90 
was added to soils from which labile 
cations were subsequently extracted. 
When the time between contamination 
with strontium-89 hnd extraction was in- 
creased from 2 to 71 days, the ratio of 
strontium-89 to calcium decreased from 
9.5 to 6.9 and from 3.6 to 2.6 for a light 
acid soil and a heavy clay, respectively 
(17). It has also been observed, espe- 
cially in calcareous soils, that the ratio 
decreases if the extraction procedure is 


made more rigorous so that larger quan- 
tities of calcium are removed. For exam- 
ple, in a highly calcareous soil derived 
from coral contaminated with radioac- 
tive fallout, the strontium-90-to-calcium 
ratio fell by a factor of 4 when the period 
of extraction with normal ammonium 
acetate was extended from 1 to 14 days 
(18). The extent of this effect may vary 
greatly among soils. 

Before the advent of tracer methods, 
it was impossible to observe relationships 
of the types discussed in the foregoing 
paragraphs, and much work must be car- 
ried out before the situation is clear. 
Nonetheless, present information justi- 
fies some conclusions. 

1) Although the widely varying reac- 
tion of soils makes generalization diffi- 
cult, present findings suggest that the 
addition of lime is unlikely to reduce the 
absorption of fallout strontium-90 to an 
extent which is of practical importance 
except in soils for which this treatment 
is desirable to obtain good crops. 

2) The complexity of the equilibria 
in which calcium and strontium take part 
in soil is such that no simple relationship 
can be expected between the total cal- 
cium in the soil and that which “dilutes” 
fallout strontium-90 on its entry into 
plants. For this reason, the effective ratio 
of strontium-90 to calcium in the. soil 
cannot readily be determined. The com- 
parison of strontium-to-calcium ratios in 
plants with those in soil is therefore not 
necessarily a valid measure of the man- 
ner in which plants discriminate between 
the two ions. This may explain why 
some experiments on plants grown in 
soil have suggested a marked discrimina- 
tion against strontium as compared with 
calcium (19). 

3) The decrease in the ratios of stron- 
tium-90 to calcium observed when soils 
are extracted at intervals after the addi- 
tion of strontium-90 suggests that the ac- 
cessibility of strontium to plants may 
progressively decrease. Conclusive evi- 
dence on this important question can, 
however, be obtained only in prolonged 
experiments. 


Movement of Strontium-90 in Soils 


Both laboratory experiments and sur- 
veys of current fallout indicate that 
strontium-90 penetrates to only a small 
depth below the soil surface. The greater 
part of the deposition remains in the 
upper 2 inches of soil for considerable 
periods (12, 20). This immobility pre- 
cludes the possibility that deposits of 
mineral calcium that may be used for 
dietary purposes will become contami- 
nated. Many factors, however, will affect 
the depth of penetration of strontium-90 
in the upper soil layers; for example, the 
nature of the soil, the extent of leaching 
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by rain, the action of worms, and the 
cracking of the soil in dry weather. 

The results of different soil-leaching 
treatments (2/) suggest that the move- 
ment of strontium-90 in the soil could 
be greatly accelerated only by drastic 
treatments, which could be highly ex- 
pensive and often very injurious to soil 
structure and fertility. 


Fraction of Total Strontium-90 
Absorbed by Plants 


Part of the fallout descending from the 
stratosphere will lodge in plants, and 
part will enter the soil whence it may 
enter plants through their roots. If the 
long-term effects of fallout are to be ade- 
quately assessed, it is of fundamental 
importance to estimate the relative ex- 
tent to which these two sources are re- 
sponsible for the observed contamination 
of herbage. If aerial deposition is the 
major source, the level of contamination 
would depend on current fallout. If, 
however, absorption from the soil is the 
major source, the quantity of strontium- 
90 in herbage will be related to the total 
fallout which has reached the soil. An 
accurate estimate of the fraction of stron- 
tium-90 in soil that will be absorbed by 
crops each year is, however, necessary 
for an adequate assessment of the long- 
term situation. This cannot readily be 
achieved by surveys of current contami- 
nation, and the possibility of obtaining 
this information by tracer experiments 
has therefore been considered. 

Strontium-89 or strontium-90 in car- 
rier-free form can be applied as a fine 
spray to the soil surface, and the subse- 
quent entry of either into crops can be 
measured with precision. This approach 
assumes that the tracer applied as a fine 
spray will behave similarly to strontium- 


Table 2. Strontium-89 content of crops 
expressed as a percentage of the quantity 
of carrier-free strontium-89 applied as 
spray to the soil surface (16). 





Yield Sr-89 content 
per as percentage 
acre of dose 

(tons) applied 
Ryegrass 

First cut 0.95 0.39 +0.03 
Second cut 0.35 0.072 + 0.005 
Total 0.46 
Barley 
Grain 1.3 0.016 + 0.0018 
Straw 0.106 + 0.0073 
Total 0.122 
Sugar beet 
Roots 8.2 0.17 +0.01 
Tops 0.61 +0.2 
Total 0.78 
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Table 3. Summary of comparative strontium-to-calcium ratios in bodies and diets of vari- 
ous species. The OR values were determined from bone or blood values or by calculation 
of amounts retained from excreta values; range or mean+standard error of mean are 
given where available. 








Refer- 
ence 


Remarks ORbdoay-aiet 





Species Diet Method 
Man Milk Double tracer with 
each meal 
Man Normal Stable Sr/Ca ratios 
mixed 
Man Nonmilk Double tracer with 
each meal 
Man Nonmilk Double tracer, 
single dose 
Rat Milk Double tracer 
in dietary 
Rat Nonmilk Double tracer 
in dietary 
Rat Nonmilk Lifetime feeding 
of Sr*/Ca 
Rat Nonmilk Stable Sr/Ca ratios 
Goat Nonmilk Double tracer, 
daily dose 
Mouse Nonmilk Stable Sr/Ca ratios 
Guinea pig Nonmilk Stable Sr/Ca ratios 
Jack rabbit Natural Stable Sr/Ca ratios 
(on desert) 
Cottontail Natural Stable Sr/Ca ratios 
rabbit (on desert) 
Kangaroo Natural Stable Sr/Ca ratios 
rat (on desert ) 


90 in fallout. This appears to be a rea- 
sonable assumption, provided that the 
strontium-90 in fallout is relatively solu- 
ble or will be liberated in an ionic form 
subsequent to its incorporation in the 
soil, There is evidence that world-wide 
fallout possesses these characteristics 
(22). Thus the behavior of strontium-90, 
whether applied as a tracer or in fallout, 
can be expected to be similar; it will 
enter the cation exchange complex of 
the soil whence it may slowly enter 
plants. The absorption of plants may 
initially be overestimated by the tracer 
method if a significant period elapses 
before a fraction of the fallout strontium- 
90 passes into a free ionic form from the 
particles in which it is deposited, but the 
slow rate at which strontium-90 is with- 
drawn from the soil by plants should 
make such effects small. 

It is important that experiments of this 
type should be carried out under field 
conditions. Few results are yet available, 
but the first of a series of experiments of 
this type may, however, be considered 
(16). The purpose of the experiment 
was to determine the extent to which 
contamination was absorbed in one sea- 
son by three crops—rye grass, sugar beet, 
and barley. A calcareous downland soil 
at Compton, Berkshire, England, was 
employed. Strontium-89 was applied as 
a fine spray, and, after contamination of 
the land, three types of cultivation were 
employed to prepare the seed bed. Land 
carrying stubble at the time of contami- 


4 patients, 9 to 0.54 
73 years old (0.50—0.62 ) (32) 


1 normal 0.24 (40) 

4 patients 0.44 (32) 
(0.37-0.51) 

2 patients 0.35 (41) 
(0.25, 0.45) 


0.57 + 0.02 (5) 


0.27+0.01 (5) 


0.28 (7) 
0.27 (6) 
2 animals 0.23 (42) 
0.35 (6) 
0.22 (6) 
0.20 (6) 
0.22 (6) 
0.16 (6) 


nation was compared with fallow. The 
mean percentage of the applied stron- 
tium-89 recovered from the three crops 
in all treatments is shown in Table 2. 
The highest values were, as was expected, 
in leaf tissue. The totals for the three 
species varied from 0.12 to 0.78 percent. 
Reitemeier (15) has reported values 
ranging from 0.5 to 1.5 percent. The cul- 
tivation treatments and the condition of 
the land at the time of cultivation in- 
fluenced absorption, but only to a rela- 
tively small extent. Since these effects 
differed between crops and, furthermore, 
are expected to change with soil type, a 
detailed discussion is inappropriate. The 
present inference, however, is that the 
method of cultivation appears unlikely to 
alter the absorption of fission products 
by a factor exceeding 2. The extension 
of this type of investigation to long-term 
studies with strontium-90 on permanent 
pastures is highly desirable. 

On theoretical grounds it had been 
considered that 1 percent might be a 
medium value for the fraction of the 
fission-product strontium-90 (in soil) 
that plants absorb in a single season. The 
present results suggest that, in some in- 
stances, this speculation is of the correct 
order of magnitude. Wide variations 
must, however, be expected. When soils 
are very shallow, as they are in some hill 
pastures, and the soil surface is virtually 
a root mat, conditions are clearly in 
sharp contrast to those in normal agri- 
cultural land. The rate of absorption of 
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recently added strontium-90 under such 
circumstances may well be much en- 
hanced; whether, however, the total ab- 
sorption over a prolonged period will be 
greater is a different question. No precise 
data for such situations are available, but 
it seems possible that this may in part 
explain sporadic exceptionally high val- 
ues for the strontium-90 to calcium ratio 
(23). The detailed study of plant-to-soil 
relationships under such conditions is 
clearly desirable. 


Discrimination in Man and Animals 


Experimental evidence on the discrim- 
ination that occurs against strontium in 
favor of calcium between the diet and 
body is summarized in Table 3. Several 
conclusions may be drawn from these 
data. (i) From the rat experiments, 
which were probably the best controlled, 
it is clear that identical results were ob- 
tained either by short-term double-tracer 
techniques, lifetime feeding of a “stron- 
tium*-spiked” diet, or the analyses of 
stable strontium-to-calcium ratios in diet 
and bone. (ii) In all species on the non- 
milk diet, the ratio of strontium to cal- 
cium of the body ranged from 0.16 to 
0.51 of that of the diet; the average val- 
ues for man were in the range from 0.24 
to 0.44. The value of 0.23 for the goat 
may be used as representative of muscle 
tissue in domestic animals for calcula- 
tion of the contribution of meat to the 
strontium-90-to-calcium ratio in the pop- 
ulation. (iii) In man and rats having 
milk in the diet, the OR values were 
0.54 and 0.57, respectively. 

It is recognized that relatively few 
studies have been done on man, and these 
often on chronically ill patients having 
malignant neoplasms. Nevertheless, ex- 
amination of the individual results indi- 
cates that the OR values were remark- 
ably the same in patients having different 
diseases (for example, leukemia versus 
ovarian tumor). This, plus the general 
agreement with the values from other 
animals, permits some degree of credence 
in the results. Kulp e¢ al. (24) have re- 
ported an over-all discrimination factor 
of 8 (0.13 in our terminology) against 
strontium in going from food to bones in 
man, based on interpretations from sin- 
gle intravenous dosages; this appears to 
be a greater discrimination than that ex- 
pected from the direct observations re- 
ported in Table 3. 


Minor Discrimination 


To gain understanding of how the dis- 
crimination is caused, it is necessary to 
consider the individual processes that are 
operative. From a practical standpoint, 
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this information is essential to permit a 
logical approach toward modification of 
these processes to cause decreased stron- 


-tium accumulation. It is convenient to 


treat first the less important physiologi- 
cal processes, since this permits quanti- 
tative discussion of the more important 
ones later on. 

The movements of alkaline earths be- 
tween circulating fluids and bone result 
from ion exchange, accretion, resorption 
and deposition in growth, and remodel- 
ing of Haversian systems. Three types of 
experiments have given data on the com- 
parative movement between circulating 
fluids and bone. In the double-tracer 
studies at steady state, described in Table 
3, it was noted for one patient, for rats, 
and for goats that the ORpone-aiet Values 
were about the same as for ORpjooa-aict: 
If anything, there was a tendency in the 
rat for the ORpone-aiet to be slightly 
higher, indicating an over-all preferen- 
tial movement of strontium from blood 
to bone. Further details are available 
from tissue-culture studies in which chick 
embryo bone was grown in substrate 
containing constant levels of strontium- 
89 and calcium-45 (25). For short ex- 
perimental periods, the ORjone-substrate 
was 1.08, suggesting a slight preferential 
movement of strontium into the bone. 
When labeled bone was placed in un- 
labeled substrate, it was calculated that 
the strontium-89 was released from the 
bone at a ratio of 1.2 times that of cal- 
cium-45. This finding was confirmed in 
studies with rats in which previously de- 
posited strontium-85 and 
were removed from nephrectomized 
rats by peritoneal lavage; the ORjavage 
solution-bone WaS 1.3 (26). It was neces- 
sary to use nephrectomized animals to 
avoid the discriminatory effects of the 
kidney, which masked the bone-circulat- 
ing fluid effects. From kinetic studies of 
radioisotopes of strontium and calcium, 
Bauer et al. (27) also concluded that 
there was no marked difference between 
the two elements with regard to skeletal 
accretion and exchange, as did MacDon- 
ald et al. (28) from studies with nephrec- 
tomized rats. It appears, then, that stron- 
tium tends to be preferentially deposited 
and removed from bone, but these proc- 
esses make little contribution to the over- 
all discrimination. 

The excretion of circulating strontium 
and calcium into the lumen of the gas- 
trointestinal tract could be a cause of dis- 
crimination. Greenberg and Troescher 
(29) reported essentially the same ex- 
cretion rate for thé two isotopes in the 
bile of rats. Singer et al. (30), however, 
showed that in the dog the biliary excre- 
tion of strontium* was about twice that 
of calcium.* In the same experiments it 
was also shown that, in the total endog- 
enous excretion, only about 20 percent 


calcium-45 


more strontium* than calcium* appeared 
in the gastrointestinal tract; the biliary 
strontium* and calcium* comprised only 
6 to 9 percent of the total endogenous 
excretion. It is thus considered that this 
process does not contribute significantly 
to over-all discrimination. 


Major Discrimination 


It appears that only absorptive and 
urinary discrimination are of importance 
in the nonpregnant, nonlactating animal. 
The following equations have been used 
to calculate the relative contribution of 
each process; they are based on the as- 
sumption that urinary excretions are pro- 
portional to the amounts absorbed (5). 


100 — % ingested Sr in feces 


DF absorptive = 100 — % ingested Ca in feces 
(3) 





DP wrtnery 
F absorptive 

Table 4 presents a summary of the 
relative contributions of absorption and 
urinary excretion to the discrimination 
in man and rat. Again, there seems to be 
general agreement between these two 
species. It is noted that milk apparently 
reduced the absorptive discrimination 
but had little effect on urinary discrimi- 
nation. On a milk diet, the contributions 
of both processes were about equal; on 
a nonmilk diet, the absorptive process 
was more important. 

Of greatest practical importance is the 
reduction of strontium-to-calcium ratio 
that occurs in passage of these elements 
from the fodder of the cow to the milk. 
Table 5 summarizes values obtained ex- 
perimentally by double-tracer feeding, 
by surveys of fallout strontium-90, and 
by analyses of stable strontium-to-cal- 
cium ratios in feed and milk. Again, there 
is good agreement among all observa- 
tions, and there is little question that, 
under conditions of daily intake, the 
strontium*-to-calcium ratio of the milk 


will be about 0.1 to 0.14 that of the ra- 


Table 4. Relative contributions of absorp- 
tion and urinary excretion to strontium- 
calcium discrimination in man and rat. 








Oue R ns Rats 
at ats tients on 
Item om nik on —inon- 
od “S) non- milk 
(32) milk (5) 
: (41) 
ORbdone-aiet 0.57 0.27 
ORretainea-aiet 0.35 


ORbiooa-aiet 0.62 
DF avsorpt ive 0.78 0.68 0.46 0.34 
DFarinary 0.87 0.84 0.75 0.88 














Table 5. Comparative strontium-to-calcium ratios in the milk and feed of the cow and 








goat. 
Species Method ORnmiix-aiet Reference 
Goat Two animals on double-tracer daily 
feeding for 13 days 0.08, 0.10 (42) 
Cow Daily and single feeding of Sr* and Ca* 
at different times 0.14 (39) 
Cow Sr® assays of Wisconsin milkshed, 1953 0.16 (3) 
Cow Sr® assays of Wisconsin milkshed, 1955 0.15 (22) 
Cow Sr® assays in United Kingdom, 1955 0.09 (23) 
Cow Stable Sr and Ca ratios in feed and milk 
0.12 (20) 


from New York area 





tion being consumed by the animal. The 
studies on goats give further details—for 
example, OR piasma-aiet = 9.24; ORniik- 
aiet = 9.09, It is noted that, in going 
from the blood of the goat to the milk, 
there was a reduction in the strontium- 
to-calcium ratio by a factor of 0.38. An- 
other important point, which has been 
anticipated on theoretical grounds, has 
been strongly supported by the survey 
results; this is the fact that the level of 
strontium-90 in the milk is mainly a re- 
flection of current strontium-90 intake 
and is not greatly influenced by the stron- 
tium-90 level in the cow’s skeleton as a 
whole. 

The comparative passage of strontium 
and calcium from dam to fetus has been 
studied in rats and rabbits (7, 31). In 
general, the placental transfer of stron- 
tium was about one-half of that of cal- 
cium; the major site of discrimination 
was the placental barrier, with differen- 
tial movement occurring in passage from 
dam to fetus but with no differential 
movement from fetus to dam. Under 
steady-state conditions in the rat, ORgam- 
aiet Was 0.28, and the ORg.tus-aiet WAS 
0.17. The over-all discrimination of 0.17 
between fetus and diet resulted from ab- 
sorption (DF absorptive = 9-42), urinary 
excretion (DF y:inary = 9.63), and placen- 
tal transfer (DF piacentat-tetus = 0-65). In 
the rat it was estimated that 92 percent 
of the fetal calcium had originated from 
the maternal diet. Of practical impor- 
tance, this means that strontium content 
of the fetal calcium will be governed 
mainly by the strontium content of the 
calcium ingested by the mother shortly 
before or during gestation. 


Factors That Affect Discrimination 


It is important to know whether or 
how the strontium-calcium discrimina- 
tion is affected by age. Comar et al. (7) 
showed that there was no difference in 
discrimination in rats between 70- and 
400-gram body weight. The data from 
steady-state double-tracer studies on hu- 
man subjects (32) indicated no large 
differences between persons ranging from 


490 


9 to 73 years; it must be noted that there 
were only a few persons in these experi- 
ments. Sowden and Stitch (33) reported 
as follows from analyses of stable stron- 
tium: bone strontium values in the new- 
born were low (as would be expected 
from fetal discrimination); between 6 
and 74 years of age there was a tendency 
for the strontium values to increase. Un- 
fortunately there are no data for very 
young children. Theoretically one might 
expect the discrimination in the very 
young to be decreased because of in- 
creased absorption and retention of both 
alkaline earths. This has been recently 
confirmed in studies with rats on a milk 
diet in which the ORjone-aiet Was 0.78, 
0.62, and 0.45 at 15, 48, and 194 days of 
age, respectively. 

Of the dietary factors that might affect 
discrimination, milk appears to be im- 
portant. As has already been mentioned, 
milk tends to reduce discrimination pri- 
marily by its effect on the absorptive 
process. In the work that pointed the 
way to the milk effects, Wasserman et al. 
(34) showed that substances, such as lac- 
tose, lysine, and arginine, that tended to 
increase calcium absorption were even 
more effective in increasing strontium ab- 
sorption. Eighteen other amino acids, in- 
cluding those essential for the rat, were 
shown to have little or no effect. Other 
substances such as sodium gluconate, so- 
dium lactate, and B vitamins were shown 
to be without effect. Further work, as 
yet unpublished, indicated that ingestion 
of complexing agents such as phytate and 
citrate, when incorporated in fluid milk, 
had no effect; however, the sodium salt 
of ethylenediaminetetraacetic acid mark- 
edly decreased the discrimination by rais- 
ing the strontium retention and at the 
same time slightly lowering the calcium 
retention. 

The effect of dietary calcium level on 
discrimination is now considered. Short- 
term or single-dose studies usually indi- 
cate that raising the calcium level does 
not proportionally decrease the strontium 
burden. For example, in rats it was found 
necessary to raise the calcium content 
2000-fold to reduce the strontium-90 re- 
tention by half (35). This probably hap- 





pens, however, because the animal tends 
to absorb more calcium when the calcium 
level is raised on a short-term basis. Pre- 
liminary results of longer-term feeding 
studies with rats receiving diets supple- 
mented with calcium carbonate in the 
normal range indicated that the retention 
of ingested radiostrontium was inversely 
proportional to the calcium level of the 
diet (36). When these calcium levels 
(0.5 to 2.0 percent calcium in diet) were 
fed for 15 days, the fourfold increase in 
dietary calcium decreased radiostrontium 
retention in the rat by a factor of 3; at 
45 days, a true stoichiometric relation- 
ship was observed. Thus it appears that 
the usual laws of isotope dilution were 
operative. It was also shown that the 
ORgone-aiet Value was the same in rats on 
a normal milk diet and those on milk 
supplemented with calcium gluconate to 
contain 3 times the normal calcium con- 
tent. 


Discrimination between Vegetation 
and the Human Skeleton 


It is possible to make some estimates, 
based on the experimental evidence al- 
ready presented, about the relationships 
that will exist between the strontium*-to- 
calcium ratio of the vegetation and that 
in the human population when steady- 
state conditions have’ been attained. Ac- 
count must be taken of the sources of 
dietary calcium, which will depend to a 
certain extent on the food technology 
and food habits of the region. Infants re- 
ceive their calcium predominantly from 
cow’s milk or mother’s milk. In the 
United Kingdom, it has been estimated 
that the sources of calcium in the average 
diets of the whole population are as fol- 
lows: 56 percent from dairy products; 
16 percent from vegetable produce; 4 
percent from meat and eggs; and 21 per- 
cent from mineral sources, primarily in 
fortified bread. In the United States, 
bread is fortified with milk solids, and it 
is estimated that 70 to 80 percent of the 
dietary calcium comes from dairy prod- 
ucts, 14 to 20 percent from vegetable 
produce, and about 5 percent from meat 
and eggs (37). 

When it is remembered that the stron- 
tium*-to-calcium ratio in milk is 0.1 to 
0.14 of that in vegetation, it appears that 
plant strontium-90 should not be over- 
looked as an important source in the 
average diet. The contribution from 
vegetable foods, however, may be some- 
what reduced because washing and re- 
moval of outer leaves causes the stron- 
tium-90-to-calcium ratio in vegetable 
produce consumed by man to be less than 
that in herbage consumed by animals; 
furthermore, seeds and tubers, which are 
not exposed to aerial contamination, may 
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contribute some calcium to the human 
diet. There are insufficieint data to per- 
mit such considerations to be taken into 
account, Water supplies are not consid- 
ered an important source of strontium-90 
because of the great dilution that takes 
place, the fixation of the radioisotope 
upon soil or rock particles, and the soil 
filtration of water that comes from wells 
or springs. 

In Table 6, some estimates (based on 
rounded-off values) are presented of the 
relationship between the strontium-90- 
to-calcium ratio in vegetation and the 
strontium-90-to-calcium ratio in the 
skeletons for populations in the United 
States deriving their dietary calcium 
from the sources stated. The contribu- 
tion of strontium-90 from fish sources ap- 
pears to be small and is neglected; the 
effect of mineral sources of calcium is 
also neglected, except for the known lev- 
els used in the United Kingdom. Be- 
cause of the complexity of the factors 
that influence the ORyegetation-soil, 0 
assessment of the relationships between 
the ratio of strontium-90 to calcium in 
soil and that in man has been attempted. 

Estimates were made for the newborn 
and 6-month-old child because of the ad- 
ditional discrimination that occurs in 
fetal development and that might be 
caused by feeding on mother’s milk. It 
seems, therefore, that the newborn and 
very young children should develop a 
strontium*-to-calcium ratio of 0.04 to 
0.12 of that existing in the vegetation; 
these values range from 0.08 to 0.16 for 
older persons. Similar calculations based 
on the dietary sources in the United 
Kingdom give values of 0.035 to 0.11 for 
the newborn and young children, and 
0.07 to 0.12 for older persons. The sur- 
vey data on strontium-90-to-calcium ra- 


United States. 





tios in children as related to that in 
vegetation, so far, appear to show greater 


. discrimination against strontium than ex- 


pected from the foregoing. It is impos- 
sible on the basis of present data to de- 
termine whether this is the result of 
underestimation of the discrimination 
factors, of differences in dietary habits, 
or of equilibrium not yet having been 
attained. Another point of uncertainty 
is that calcium and strontium from dif- 
ferent sources may not be utilized to the 
same extent. The relationship between 
stable strontium-to-calcium ratios in hu- 
man bone and in sedimentary rocks (38) 
is, however, in reasonable agreement with 
the values presented for adults. As more 
precise information becomes available on 
food habits and dietary calcium sources, 
these data can be treated according to 
the principles developed in Table 6. The 
values can also be adjusted if future 
work demonstrates that fallout stron- 
tium-90 becomes significantly less avail- 
able with time or if procedures such as 
plowing produce significant dilution as 
related to the feeding zone of certain 
crops. 


Reducing the Extent to 
Which Fallout Enters Food Chains 


The failure of lime to provide protec- 
tion universally against the absorptien of 
strontium-90 by crops encourages the 
search for other remedies. No satisfactory 
procedure has yet been demonstrated. It 
is impracticable to remove the contami- 
nation by leaching, and the modification 
of cultivation procedures in arable land 
seems likely to have only a small effect; 
however, these are matters that require 
further study. 


The quantity of strontium-90 absorbed 
could be reduced, however, by cultivat- 
ing crops that possess one or both of the 
following characteristics: a low concen- 
tration of strontium and calcium in their 
edible tissues, or a deep-rooting habit 
that causes them to absorb the greater 
part of their nutrients from below the 
level to which contamination has pene- 
trated. The cultivation of crops contain- 
ing a low concentration of strontium 
could reduce the strontium-90 intake of 
the population. However, since plants 
differ little in their OR values, the cal- 
cium content of diets would be reduced. 
This procedure would therefore have 
obvious limitations unless alternative 
sources of dietary calcium were provided. 
However, in wartime emergency, survival 
might be aided by the cultivation of 
crops low in calcium relative to their 
calorific value. On this basis, the potato, 
which contains in the order of 10 milli- 
grams of calcium per 100 calories, is a 
particularly suitable crop; leafy vege- 
tables may contain 10 to 100 times as 
much calcium per 100 calories. 

Information is, unfortunately, lacking 
on the extent to which different species 
absorb calcium from more than 6 inches 
below the soil surface. The very great 
differences existing in root structures be- 
tween different grass and legume con- 
stituents of pasture suggest, however, 
that plants may contrast markedly in this 
respect. The cultivation of species that 
absorb relatively little from the upper 
4 to 6 inches of soil would appear to be 
the most practicable method for reduc- 
ing the strontium-90-to-calcium ratio in 
herbage. Thus the investigation of the 
pattern of absorption by agriculturally 
important species is a subject of particu- 
lar interest. 


Table 6. Assumptions and estimated relationships between strontium*-to-calcium ratios in vegetation and the human population in the 





Sr*/Ca of human bone 








_ Sr*/Ca of vegetation tae 

Newborn 0.04 to 0.08 70 to 80 percent of mother’s calcium derived from milk; discrimination from feed to 
cow’s milk=0.1 to 0.14; discrimination from milk to mother’s body=0.5; 14 to 20 
percent of mother’s calcium of vegetable origin; discrimination from plant food to 
mother’s body = 0.25 to 0.5; 5 percent of mother’s calcium derived from meat and 
eggs; discrimination from vegetation to meat and eggs=0.25; discrimination from 
meat and eggs to mother’s body = 0.25 to 0.5; discrimination across placenta = 0.5. 

Six months 0.037 to 0.12 67 percent of calcium had been laid down in utero with maximum discrimination, and 
child was nursed on mother’s milk with maximum discrimination of 0.03; or, 33 per- 
cent of calcium had been laid down in utero with minimum discrimination, and child 
was fed on cow’s milk with minimum discrimination of 0.14. 

Over 6 months 0.08 to 0.16 Same as for newboyn except that there is no placental discrimination. 

Sample calculation for maximum in utero discrimination i 

. : discr. . cody 

% of discr. discr. % of fied % of | discr. from 
mother’s garam, fig, = mother's «= plant” = Grom = fatal to = 

milk cow’s mother’s plants witha meat meat eggs to discr. 

milk body and eggs and eggs mother’s across 

: y placenta 
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Steps to reduce the strontium-90 bur- 
den in the population by procedures with 
man and animals would first be con- 
cerned with assuring that an uncontami- 
nated source of calcium contributed a 
maximum proportion of the dietary cal- 
cium, As has already been noted, the im- 
mobility of strontium-90 in soil would 
protect deposits of mineral calcium from 
contamination. Thus one might use min- 
eral sources of calcium as much as pos- 
sible and plant. sources at a minimum. 
The evidence that discrimination be- 
tween the two elements can be changed 
by dietary alterations (milk, lactose, 
lysine) gives some reason to believe that 
further research could provide an effec- 
tive modification in either direction. 

The possibility of using increased die- 
tary calcium to reduce the amount of 
radioactive strontium entering milk has 
been previously reported (39). Short- 
term studies with dairy cows indicated 
that a fourfold elevation of dietary cal- 
cium caused only a 35-percent reduction 
in the strontium-90 content of the milk. 
Judging from the longer term rat studies 
previously mentioned (36), one might 
expect that stoichiometric reduction of 
strontium-90-to-calcium ratios should 
occur from supplementation: of rations 
with uncontaminated calcium. It is em- 
phasized, however, that further work is 
needed to determine whether such sup- 
plementation of dairy rations would in- 
deed be effective and feasible. Again, 
judging from the longer term rat studies, 
it might be possible to decrease stoichio- 
metrically the strontium-90-to-calcium 
ratio in man by supplementation of his 
diet over the years with uncontaminated 
calcium; but, as always, definite proof 
of this point must await direct observa- 
tions on man. At present, mineral cal- 
cium is used to fortify flour in some 
countries, for example, the United King- 
dom; but it would be much more difficult 
to justify large increases in dietary cal- 
cium for the human population than it 
would be to justify similar modifications 
of animal rations. There is, of course, the 
possibility of supplementation with stable 
strontium, Since it would most likely be 
necessary to use the same levels of stron- 
tium as of calcium, it is perhaps more 
useful to focus attention on the more 
physiological element, calcium. 

The discussion of methods for reduc- 
ing the extent to which fallout enters 
food chains is not meant to imply that 












remedial measures are now necessary. 
Such considerations, and in addition the 
matter of how much reduction would be 
of practical significance, are beyond the 
scope of this paper. 


Summary 


The calcium reservoirs of the bio- 
sphere are becoming labeled to varying 
degrees with strontium-90 from nuclear 
weapons. These reservoirs include the 
human and animal skeleton, the milk, 
the vegetation, the upper layers of soil, 
and the waters. The degree of labeling 
is governed by the dilution that occurs, 
or the differential behavior of calcium 
and strontium in various steps of the food 
chain. This differential behavior nor- 
mally provides a factor of protection 
against strontium+90 in the soil and vege- 
tation that may be as high as 25 for the 
newborn and is most likely not less than 
6 for adults, depending on food habits. 

The physiological steps that are im- 
portant in the movement of the two ele- 
ments in the biosphere are described to 
provide a basis for an approach toward 
increase of the discrimination against 
strontium in favor of calcium. Some as- 
pects of agricultural practices are dis- 
cussed from this standpoint. The matter 
of hazard from levels now existing and 
the present need to undertake remeeial 
measures are not discussed, in major part 
because of lack of experimental data on 
which to base such considerations. 
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Stockholm Natural 
Radiocarbon Measurements I 


After almost a year of construction 
and trouble, radiocarbon dating work in 
Stockholm began early in 1955 with the 
black-carbon method, using the double 
screen-wall counter of the type developed 
in Copenhagen (1). However, after only 
a few months, it was evident that the 
measuring techniques had to be changed 
because of several disturbances from air- 
borne radioactive contamination. In the 
autumn of 1955, construction was started 
of the present carbon dioxide propor- 
tional-counting apparatus. This appara- 
tus came into routine operation early in 
1956. Tables 1 and 2 give the results ob- 
tained using the black-carbon method 
(indicated by an asterisk) and the new 
methed up to 12 May 1957 (2), when 
the apparatus was demounted for trans- 
portation from the temporary localities 
in the Royal Institute of Technology to 
the Swedish Geological Survey. 


Techniques 


The preparation and measuring meth- 
ods now used are similar to those used 
by the Groningen (3), New Zealand (4), 
and Lamont (5) laboratories. A few facts 
only are given here (6). 

The sample is converted to extremely 
pure carbon dioxide, taking care to ex- 
clude the carbon dioxide of the air. The 
proportional-counting tube has a net vol- 
ume of 1.00 liter and a working pressure 
of 3 bar. Each sample is counted at least 
two times, for 20 hours each time, and 
with 14 days between the two periods. 
Before every counting period, the purity 
of the gas is carefully controlled by 
checking the gas amplification by means 
of an external source of radioactivity. 

Oak tree rings grown about a.p. 1850 
are used as a standard. Thereby we avoid 
the isotopic dilution effect on modern 
plant carbon caused by the industrial 
burning of coal and oil. This effect has 
been observed by Suess (7). The varia- 
tion of the isotopic composition of the 
carbon of living plants and animals (8), 
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together with possible isotopic fractiona- 
tion in the preparation of the sample, 
has an influence on the activity of the 
sample. Therefore, all purified carbon 
dioxide samples for gas counting, except 
those with zero activity, have been mass- 
spectrometrically analyzed for their 
C18/C}2 ratio (6, 9). 

Our counter characteristics follow: 
modern carbon, 18.5 C1* counts per min- 
ute over the background of 3.78 counts 
per minute, the former figure having been 
calculated from measurements of our 
standard wood. The background figure 
has a distinct dependence on atmos- 
pheric pressure, as is shown in Fig. 1. 
The solar flare on 23 February 1956 
caused a small effect on the counting 
rate; the result obtained that day was 
rejected. With the exception of the ef- 
fect mentioned, no sample has ever 
shown other uncontrolled fluctuations 
than those expected from purely statis- 
tical reasons. 


Calculations 


The ages given in Tables 1 and 2 were 
calculated by using the adopted value of 
a half-life of 5568 + 30 years for C**, as- 
suming sufficient long-time constancy of 
the natural radiocarbon production, and 
trusting the physical correctness and free- 
dom from organic materials of wrong age 


of the samples when submitted to the 
laboratory. 

For calculation of the age, the net 
count rate of the sample, as obtained 
from the actual measurings of the sample 
itself, and the background figure taken 
from a curve consistent with Fig. 1, and 
corrected according to the C1* analysis 
are used, The net count for modern car- 
bon is obtained as the average calculated 
from several measurements in the same 
manner. 

The errors o, in the ages are obtained 
from the equation 


t 
O.= inp Ea + (E;-InR)2+ (2E:s)*7% 


where Ep is the relative error in the ratio 
R between numbers of C1* counts per 
minute in the standard and in the sam- 
ple; E; is the relative error in the half- 
life, and E,, the relative error in the 
measurement of the C13/C?? ratio (+0.1 
percent). Of these three parts, Ep gives 
by far the greatest contribution. Ep is 
calculated from the relative errors of the 
sample and modern carbon net count 
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Fig. 1. Influence of the atmospheric pres- 
sure on the net background counting rate 


during September, October, and Novem- 
ber 1956. 


Table 1. Radiocarbon measurements of industrial samples. 











Isotopic 
1 itio 
Description “— . 4 pare 7 
spondence 
Korsnas Ltd., Gavle, Sweden. Organic incrust inside a boiler St-16* 47.5+1.6% 


tube in the Korsnis cellulose works. The object was to determine 
the origin of the incrust, whether from petroleum or cellulose. 
Submitted by W. Rosén. 

Ostrand Manufacturing Co., Timrd, Sweden. Barium carbo- 
nate made from highly chlorinated organic compounds in the 
chlorine plant. The purpose was to determine whether the com- 
pounds were formed from the action of chlorine on ebonite or 
on graphite. Submitted and described by G. Wranglén (10, p. 
401). 


recent carbon 


St-141 30+1% 


recent carbon 





* Measurement made by the black-carbon method. 
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rates, the errors in these rates being cal- 
culated according to the afore-mentioned 
method. Lower values of o than + 0.03 
count per minute for background and 
+0.06 count per minute for modern car- 


Table 2. Radiocarbon datings. All ages are given in years before the present. All samples, except when it is otherwise stated, were 
collected in Sweden. Determinations made by the black-carbon method are marked by an asterisk (*) after the sample number. 


bon rates have not been used, even when 
lower figures were formally defensible, 
owing to the great number of measure- 
ments. 

When a minimum age is given, it cor- 





responds to 30 in the net count of the 
very old sample, added to the actual net 
count rate, negative rate taken as zero. 
This calculation thus gives 99.86 percent 
or better certainty in the statement (3). 





Description 





Sample No. 


I. Cross-check samples and samples of known age 


Angelsta, Smaland. Hewed stub of fir, 
found at a depth of 3.5 m in Rya Moor, 
Angelsta, together with a fragment of dio- 
rite, possibly a part of a stone axe. Several 
kilograms of the wood are at our disposal, 
and the material is in an excellent state of 
preservation. Submitted by the Museum of 
National Antiquities, Stockholm. 

Tree rings No. 1 to 50 from the core, 
dated by the black-carbon method. 

Tree rings No. 101 to 150 from the core, 
dated by the carbon dioxide method. The 
same rings were dated at the Lamont lab- 
oratory (sample L-296), and an age of 
2600 + 80 yr was obtained (/1). 

Lake Nemi, Italy. Wood from one of 
Caligula’s ships. Historically dated to about 
A.D. 50. The sample was taken from the 
innermost tree rings. The total number of 
rings to the bark is not known. Submitted 
by C. Cortesi and M. Beneventano, C™* 
laboratory, Rome. 

Ruds Vedby, Zealand, Denmark. Small 
pieces of wood from the zone boundary be- 
tween the Alleréd and younger Dryas peri- 
ods. The sample was submitted by H. 
Tauber, and has been dated by the Co- 
penhagen laboratory (sample K-101) to 
10,890 + 240 yr (1). 

Sequoia tree rings. This series of samples 
has been dated to check the reliability of 
the C™ method, since a recent paper (/2) 
suggests that one would obtain results 
which are 200 yr too high for an age of 
2000 yr. The samples were submitted by 
R. Sievert at the Radiophysical Institute, 
Stockholm. No one but he himself knew 
anything about the ring age of the samples 
we received. We were told the exact age 
when a signed certificate with our values 
was given to him. 

Sequoia 1. Ring age, 2390 yr. 


Sequioa 2. Ring age, 2000 yr. 


Sequioa 3. Ring age, 2180 yr. 


II. Geologic, submorainic samples 

Boliden, Vasterbotten. Small pieces of 
wood from submorainic deposits found at 
Bjurliden, near Boliden. Submitted and de- 
scribed by Jan Lundqvist, Swedish Geo- 
logical Survey (13). 

Bollnas, Halsingland. Pieces of wood in 
submorainic position. Described by B. E:son 
Halden (/4). Submitted by C. Lundqvist, 
Swedish Geological Survey. 
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St-13* 


St-156 


St-103A 
St-103B 


St-18* 


St-193A 
St-193B 


St-213A 
St-213B 


St-214A 
St-214B 


St-19* 


St-105 


Age 


2560 + 190 


2470 + 65 


1940 + 70 
2090 + 75 
Average 
2010 +65 


10,200 + 370 


2400 + 75 
2330+ 65 
Average 
2360 + 60 
1845 + 60 
1910 +60 
Average 
1875 +55 
2170+ 65 
2120+ 65 
Average 
2145 + 60 


> 24,000 


> 30,000 





Description 


Sample No. 


Age 





Kil, Vadrmland. Spruce wood (Picea) 
found at a depth of 30 m in the glacio- 
fluvial deposits at Fryksta, north of Kil, in 
1918. Described ,as Finiglacial by L. von 
Post (15). Submitted by G. Lundqvist. 

Lund. Relics of tree roots (Alnus), 
found 200 m southwest of Rabyholm, in a 
vertical position in glacial sand underlain 
by northeastern moraine and partly covered 
by Baltic moraine. No roots were found at 
a higher level than 2 m below the surface. 
In spite of this, the sample evidently repre- 
sents tree roots that grew down in post 
glacial time. In the superficial layers, the 
roots may have been destroyed by weather- 
ing without leaving any traces. Submitted 
by H. Méller, department of geology, Uni- 
versity of Lund. 

Lund. Relics of tree roots (Alnus or 
Betula), found at Masvagen 18, in glacial 
sand covered by 1.3 m of Baltic moraine 
and underlain by northeastern moraine. 
The sample was taken 1.5 m below the sur- 
face. No traces of similar roots were seen in 
the covering Baltic moraine. In spite of this, 
the sample evidently represents post glacial 
tree roots. Submitted by H. MGller. 

Oje Kapell, Kopparberg, Dalarna. 
Wooden log found under moraine at Oje 
Kapell. Submitted by G. Lundqvist, who 
has also described it (16). 

Pilgrimsstad, Jamtland. Several relics of 
a mammoth in primary position were dis- 
covered in sand (17). 

A felty, 1-cm-thick bed of Drepanocladus 
sp. in a lacustrine sequence of strata under 
the thin ground moraine. Collected and 
submitted by O. Kulling, Swedish Geologi- 
cal Survey. 

Plant sediments in connection with the 
mammoth find. Submitted by A. Martins- 
son, department of paleontology, Univer- 
sity of Uppsala. 

Sjébo, Skane. Peat on the Baltic moraine 
at Robertsdal, 20 km southeast of Sjébo. 
The find was described as interstadial by 
H. Munthe (18), but is evidently post 


, glacial. Submitted by G. Lundqvist. 


Valbacken, Lake Storsjén, Jamtland. 
Plant remains at a depth of 16 m in ice 
lake sediments, between two moraines. Sub- 
mitted and described by P. Torslund, Swed- 
ish Geological Survey (19). 


III. Prehistory of the Baltic Sea 

Baltic Sea. Stump of fir found on the 
bottom of the sea at a depth of 43 m of 
water in the Baltic Sea south of Karlskrona, 
at lat. 56°00’N, long. 15°28’E. Submitted 
by B. Kullenberg, Oceanographic Institute, 
Gothenburg. 

Baltic Sea. Stump of fir from the sea bed 
between Kaseberga and Bornholm at a 
depth of 35 to 37 m. The sample was sub- 
mitted by Tage Nilsson, department of 
geology, University of Lund. 


St-113 > 30,000 





St-158  3930+80 I 


St-159 4060 + 80 


St-11* 
St-181 


> 24,000 
> 40,000 


St-211 > 39,000 


St-205 > 35,000 


St-212 10,980 + 140 


St-206 > 37,000 


St-120 9100+ 120 


St-179 9330+ 120 
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Description 








Fréjel, Gotland. Sample of the peat 


Sample No. 


St-174 


under the Ancylus beach at GaAistes (Gé- - 


stas) in Fréjel. The sample was collected 
by H. Munthe in 1890. Submitted by G. 
Lundqvist. 

Milner, Klinte, Gotland. Peat below 
the Litorina beach. Collected by H. Munthe 
and submitted by G. Lundqvist. 

Ramsas, Ménsterds, Smdland. Peat sam- 
ple below the Litorina beach. Collected by 
H. Munthe in 1901 and submitted by G. 
Lundqvist. 

Stigstade, Havdhem, Gotland. Oak wood 
found under Litorina sand by the late R. 
Sernander. From the Museum of the Swed- 
ish Geological Survey. 


IV. Geologic samples from peat bogs 

A. Datings of recurrence surfaces. [A re- 
currence surface has been defined by 
Granlund (20) as a boundary between 
highly humified peat under less humi- 
fied material, indicating a climatic 
change to a colder and wetter weather 
type.] 

Astorp Moor, Nyed, Varmland. Peat 
samples submitted by Jan Lundgqvist. 

A very thin recurrence surface 115 cm 
below the surface. 

A recurrence surface 130 cm below the 
surface. 

Blomskog, Varmland. Peat from a recur- 
rence surface 295 to 300 cm below the sur- 
face in Blomma Mossen (Blomma Moor), 
Técksmark. Submitted by G. Lundqvist. 

Bradtenmossen, Grasmark, Varmland. Peat 
from a recurrence surface 225 to 230 cm 
below the surface, found to be near the be- 
ginning of the Picea curve by pollen analy- 
sis. Submitted by G. Lundqvist. 

Kindsjé, Bograngen, Varmland. Peat at 
a depth of 150 to 155 cm below the surface, 
at a recurrence surface about 35 cm below 
the level of the rational limit of the Picea 
curve. Submitted by G. Lundqvist. 

Mosstakan, Arvika, Varmland. Peat sam- 
ple collected at a recurrence surface 370 to 
375 cm below the surface. Submitted by G. 
Lundavist. 


B. Samples of special palynologic interest 

Adak Mire, Malad, Vasterbotten. Profile 
of peat at the open cut of the mine. The 
samples are intended to show the correia- 
tion between the pollen diagram and the 
C™ dates (21). Submitted by G. Lundqvist. 

Taken 5 cm below surface. 

Taken 35 cm below surface. 

Taken 80 cm below surface. 

Taken 130 cm below surface. 

Taken 175 cm below surface. 

Samples St-217, St-172, and St-173 were 
taken from peat bogs in the levels where 
the curve of Alnus starts in the pollen dia- 
grams. The date for this point in the dia- 
gram from different parts of Sweden has 
great importance for reference. The samples 
were submitted by G. Wenner, department 
of geology, University of Stockholm. 

Degerfors, Narke. Gyttja 19 cm above 
the limit between clay and gyttja at the 
southern end of Lake Grytsjén. The actual 
level is 3.05 m below the present water 
level of the lake. 

Hallesjé, Jamtland. The peat bog of Hal- 
lesjémyren, not far from the Angerman 
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St-185 


St-191 


St-190 


St-180 
St-184 


St-167 


St-178 


St-176 


St-177 


St-138 
St-139 
St-140 
St-143 
St-144 


St-217 


St-172 





Age 


9190 + 130 


9510 + 140 


7030 + 110 


2435 + 70 


2780 + 70 


3010+ 70 


650 + 70 
3000 + 75 
5360 + 80 
6940 + 105 
8575 + 120 


8880 + 120 


9100 + 120 


Description 


River. Amblystogium peat collected 5 cm 
above the limit between gyttja and peat, 
which in the middle of the bog is situated 
3.70 m below surface. 


Ldangared, Vastergétland. Peat collected 
1.85 m below the bottom of a peat pit in 


the southern part of Langaredmossen Bog. 


V. Archeological samples from Lappland 


and neighboring provinces 
Gdddede, Frostviken, Jamtland. Char- 


coal from the hearth of the Stone Age 
settlement T 61. No reliable archeological 
dating. Submitted by H. Hvarfner, Royal 
Office of National Antiquities, Stockholm, 


Gallivare, Lappland. Charcoal from the 


bottom of a hunting pit filled with stones 
at Saivorova. No archeological dating. Sub- 
mitted by H. Hvarfner. 


Hotingsjén, Tasjo, Angermanland. A very 
interesting system of dwelling places. The 
samples were submitted by H. Hvarfner. 

Charcoal from a Stone Age settlement 
from which the oldest archeological find 
was dated to the Middle Neolithic. 

Charcoal from another point, situated 
100 m south of the former. The very great 
age is a little confusing at this locality, and 
a new sample will be collected as soon as 
possible. 

Lake Storuman, Stensele, Lappland. 
Wooden remnants from the covering of a 
ritually buried bear. Submitted by H. 
Hvarfner. 

Lake Storuman, Stensele, Lappland. 
Charcoal from the hearth of a camp at the 
same place as sample St-207. Archeological 
finds of scanty fragments of bronze kettles 
make it reasonable to date this part of the 
camp to the end of the Viking period or 
the early (Scandinavian) Medieval. Sub- 
mitted by H. Hvarfner. 

Tarna, Vdasterbotten. Peat with sand 
lenses near Solberget. The sand was thrown 
up when a hunting pit was being dug. Sub- 
mitted by G. Lundavist. 

Tdsjé, Angermanland. Wood from the 
bottom of a hunting pit at Lake Rérstrém, 
TAsjé. The pit is a part of a system of hunt- 
ing pits, the existence of which has been 
historically fixed to about a.p. 1273 and 
also to the beginning of the 17th century. 
Submitted by H. Hvarfner. 

Trehérningsjé, Angermanland. Ancient 
ski found in 1907 at a depth of 60 cm in 
a peat bog in the parish of Trehérningsjé. 
The ski is of the Bothnian type, which, ac- 
cording to pollen analysis, together with 
several other finds, dates from the period 
1500 B.c. to a.v. 1000. Submitted by E. 
Manker, Nordiska Museet, Stockholm. 


VI. Various Swedish archeological samples 

Alvastra, Ostergétland. The Neolithic 
dwelling place in the former swamp at 
Dags Moor, Alvastra. Archeological dating, 
2000 to 3000 s.c. Submitted by L. Kaelas, 
Museum of National Antiquities, Stock- 
holm. 

Wooden pile from the pilework. 

Peat from the corresponding culture 
layer. 


Angelsta, Smdland. Flax found in a 
moor at Hedenstorp, together with several 
wooden artifacts. No archeological dating. 


Sample No. 


St-173 


St-187 


St-152 


St-188 


St-198 


St-207 


St-208 


St-110 
St-131 


St-170 


St-161 


St-9* 
St-15 


St-128 





Age 


8500 + 110 


3115 +75 


1150+65 


5470 + 100 


7600 + 110 


215 +60 


1010+60 


1070 + 80 
1165 +85 
Average 
1115+60 
450 +55 


2870 + 70 


4210+ 150 

4090 + 230 
Average 

4180 + 130 
435 + 85 
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Description Sample No. Age Description Sample No. Age : 
Submitted by A. Oldeberg, Museum of Na- Stendsa, Oland. Part of a wooden log St-135 675 +75 é 
tional Antiquities. (oak?) found under the floor of the apse 
Badelunda, Vasterds. Wood from a grave St-148 1805 + 70 in the Roman church of Stendsa. Sub- 
with rich gold findings in Badelunda, city mitted by Iwar Andersson, Museum of Na- 
of Vasteras. Archeologically dated to the tional Antiquities. The sample was in a ( 
beginning of the 4th century A.p. Submitted rather poor condition, and it was not pos- 
by D. Selling, Museum of National An- sible to determine how far from the bark 
tiquities. the actual rings had been located. 
Badelunda, Vasterds. Wood from ship St-150 1225 +65 Tingstade Trask, Gotland. The swamp | 
grave 75 in Badelunda. Archeological dat- of Tingstaéde contains the remnants of a 
ing, latter part of 9th century a.p. Sub- large wooden fortification called Bulverket. 
mitted by B. Schénbeck, Museum of Na- It consisted of a central part of heavier 
tional Antiquities. piles and a palisade of thinner ones. The 
Kattegat. Wood from a ship, found by St-27 650+150 pile-work fortifications are architecturally 
trawling at 75-m depth in the Kattegat, and archeologically dated to about a.p. 
40 nautical miles northeast of Christians6. 1000, but have been the subject of many | 
No archeological dating. Submitted by discussions. f 
Trelleborg’s Museum. Outer tree rings of a log from a raft. St-10 790 + 120 f 
Falsterbo, Skane. Cattle hair oakum St-137 850 + 70 Submitted by G. Lundqvist from the collec- 
from a ship found in 1932 in the southern tions of the Swedish Geological Survey. 
Baltic Sea outside Falsterbo. Palynologically Plank from the palisade, tree rings near St-125 960 + 60 
and archeologically suggested to come from the bark. Submitted by G. Arwidsson, 
early Medieval. Submitted by J. Tandberg, department of archeology, University of 
Swedish C™* Board. Stockholm. 
Falun. Three samples in a series that Central tree rings of a wooden prop St-118 850 + 70 
will be used to date the beginning of min- about 35 rings thick, from the central part. 
ing at Falun Copper Mines. Submitted by Collected in the autumn 1955 and sent in 
Stora Kopparbergs Bergslag, Ltd. by G. Arwidsson. 
Uppermost peat layer below the mineral St-163 1105 +60 Valé, Uppland. Heavy deal plank carved St-122 1140 +65 
waste northwest of the opening. in the shape of a dragon’s head. The find ; 
Piece of wood in the mineral waste 10 St-165 690 +55 is stylistically dated to the end of the 8th 
cm above the peat layer. or the 9th century a.v. by W. Holmquist 
Wooden branches on the surface of the St-166 875 + 60 (22), who also submitted the sample. 
peat under the mineral waste. 
Galtaback, near Varberg, Halland. Cat- St-204 880 +65 : 
ane oakum a ? ee i a VII. Archeological samples from other countries 
dati :. es dine Po “a x ach Erimi, Cyprus. Charcoal from the Erimi 
AGN: are Cone ere fo 7t culture containing artifacts, approximately 
sae ee 12th to Aegean 2 dating between 3400 and 3000 yr B.c. 
TA hikdeas, CE Eee (23). Submitted by P. Dikaios, Cypus 
“ent ang Bo ee eae ee Museum, Nicosia. 
Hasslév, Halland. Resin packing from St-201 2810+ 75 mares Ne 2 aeave pe See 
a hexagonal stone cist containing bronze Layer No. 3. 4 St-203 4540 + 80 
finds. Museum of National Antiquities. No. Beaumont, Cotentin, France. Charcoal 
3987 : 5, c. Archeologically dated to the from large wall constructions of uncertain 
later part of the IV period of the Bronze ba sha Le Hague-Dike. Described and sub- 
Age (about 800 3.c.). Submitted by. Ac’ mitted by H. Arbman (24), University of 
Oldeberg. Lund Historical Museum. 
Hégom, Seldnger, Medelpad. Charred St-186 1570+70 Cut I 1951 from the second layer of the St-153 2855 + 75 
wood from a tumulus containing a richly uppermost section. 
furnished warrior’s grave. Archeologically Cut I 1951 from the second layer of St-146 2710+ 65 
dated to about A.p. 500. Submitted by D. deepest section. 
Selling, Museum of National Antiquities. Rang Mahal, Rajputana, India. Char- St-192 1525+ 70 
Hylletofta, Smdland. Wooden log with St-168 585+60 coal from a pit in the uppermost layers of 
runic carvings found in the floor at the a mound. Archeologically and geologically 
altar in the Roman church of Hylletofta. dated to about 500 a.p. Submitted by H. 
Archeological dating uncertain. Submitted Arbman. 
by P.-O. Westlund, Museum of National Teotihuacdn, Mexico valley. Charcoal St-162 1720 +65 
Antiquities. from a cremation under large ruin complex 
Ljungsbro, Ostergétland. Gyttja from the St-109 3750+100 Tlamimilolpan, Teotihuacdn. Excavated in 
“Hell Marsh” (Helveteskarr) at 0.9-m 1935 under the nethermost of three con- 
depth where a primitive-looking male hu- cretelike, intact floors. Artifacts from Maya 
man skull was found, showing a cut from culture under the same floor point to a 
a stone axe. Pollen analysis places the sam- date A.p. 278 to 593 (Goodman-Martinez- 
ple just above Granlund’s recurrence sur- Thompson correlation) or A.D. 18 to 333 
face V, about 2000 B.c. (20). Submitted by (Spinden’s correlation). Submitted by S. 
N.-G. Gejvall, Museum of National An- Linné, Ethnographical Museum, Stock- 
tiquities. holm. 
References and Notes dation for Swedish Culture, which has also, debted to G. Widmark ad C. Mileikowsky. 
together with the Humanistic Fund and the Without the skilled work of L. Engstrand, 
1. E. C. Anderson, H. Levi, H. Tauber, Science Scientific Research Council, supported the making the rapid change to the new method 
118, 6 (1953). routine work. The laboratory is under the would not have been so relatively easy. Eng- 
2. The economic possibility of starting this work supervision of the Swedish C% Board. For the strand and L. Lundgren also made excellently 
was made by the King Gustaf VI Adolf Foun- very first experiments during 1954, I am in- all the routine experimental work. 
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H. R. Morgan, 


The death of Herbert Rollo Morgan 
at his home in Washington, D.C., 11 
June 1957, brought to a close a life of 
sincere devotion to his family and to 
astronomy. His last illness extended over 
a period of 2 months; however, he had 
suffered considerably, prior to this, from 
frequent spells of bad health during the 
last few years. 

He was the son of Henry D. and Olive 
Smith Morgan and was born on 21 
March 1875, near Medford, Minnesota. 
By the time he was 9, the rigors of the 
Minnesota winters proved to be so try- 
ing to his health, which was somewhat 
impaired by an asthmatic condition, that 
his mother sought relief for him in the 
milder climate of Tennessee, where he 
grew up and received his early educa- 
tion. 

He received his A.B. and Ph.D. de- 
grees from the University of Virginia in 
1899 and 1901, respectively. While a stu- 
dent at the university, he held one of the 
prized Vanderbilt fellowships at the 
Leander McCormick Observatory. Dur- 
ing the last year of his graduate work he 
‘commenced teaching mathematics at the 
Pantops Academy and continued there 
until he received an appointment to the 
U.S. Naval Observatory as a computer, 
in 1901. Four years later he decided to 
try teaching again and accepted a pro- 
fessorship in astronomy and mathematics 
at Pritchett College, where he also served 
as director of the Morrison Observatory. 

In 1907 he returned to the Naval Ob- 
servatory as assistant astronomer on the 
staff of the 9-inch transit circle. In 1913 
he was placed in charge of the instru- 
ment and at once began a series of fun- 
damental observations which lasted until 
1926. The catalog of final results for this 
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Astronomer 


program is a typical example of the thor- 
oughness and painstaking care which he 
devoted not only to the major problems 
arising in his work but to those small 
details as well, which, if not properly at- 
tended to, sometimes ruin an otherwise 
excellently planned project. This pro- 
gram was followed by two others—the 
first, a differential determination of the 
positions of the reference stars for the 
Yale zone — 10° to — 20°, and the second, 
another fundamental program which was 
not entirely completed at the time of his 
retirement in 1944. 

Retirement to Morgan merely meant 
more time for his researches. These he 
carried on privately for a while and later, 
from 1947 to 1950, as research associate 
of Yale University. Even up to the time 
of his last illness he was busily engaged 
in computing the proper motions of a 
group of O and B spectral type stars. 

Morgan’s principal contributions were 
in the field of fundamental astronomy. 
His philosophy that good observations 
should be put to use, combined with a 
thorough knowledge of how to use them, 
brought forth during his life many papers 
and publications of the first order of im- 
portance. His earliest papers were con- 
cerned mainly with the orbits of comets 
and asteroids. These were followed by a 
number of articles in which he ably 
treated problems and questions that 
come up during a transit circle pro- 
gram. By the time he reached his middle 
years his attention began to focus on the 
fundamental quantities upon which as- 
tronomy is built. He analyzed hundreds 
of thousands of observations for the pur- 
pose of obtaining a better knowledge of 
the position of the equator, the motion 
of the equinox, the constants of aberra- 
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tion and nutation, the motion of the peri- 
helion and corrections to the orbital ele- 
ments of the planets. In his late years he 
compiled his N30 catalog, in which are 
given the definitive positions and motions 
of 5268 stars. The fundamental coordi- 
nate system established by the N30 and 
the proper motions based on it have 
formed the starting point for several re- 
cent investigations, among which may be 
mentioned a correction to the precession, 
the luminosities of the nearest Cepheids, 
and other researches related to the struc- 
ture of the galaxy. Without doubt, the 
N30 and its associated papers represent 
the greatest achievement of his career. 

Morgan’s capacity in his field of spe- 
cialization won him many recognitions. 
In 1952 the National Academy of Sci- 
ences awarded him the Watson medal 
for his contribution to fundamental as- 
tronomy and, by invitation, he presented 
a report on the astronomical constants at 
the Paris conference in 1950. He also 
presented a discussion of the basis on 
which the reference system of stellar po- 
sitions rests at the symposium on the 
Fundamental Properties of the Galactic 
System conducted by the New York 
Academy of Sciences in 1941. 

He was a member of the National Re- 
search Council, the Washington Acad- 
emy of Sciences, and the Geophysical 
Union. He served as vice president of the 
American Astronomical Society from 
1940 to 1942 and as chairman of Section 
D of the American Association for the 
Advancement of Science in 1936. He at- 
tended his first meeting of the Interna- 
tional Astronomical Union in 1928 and 
served as president of the commission on 
meridian astronomy of that organization 
from 1938 to 1948. He was an associate 
editor of the Astronomical Journal from 
1942 to 1948. 

A humble man, Morgan conducted his 
life in a very unpretentious manner. His 
high sense of honor made personal deal- 
ings with him a pleasure. His associates 
at the Naval Observatory and his col- 
leagues in the astronomical world re- 
spected him, and will remember him, as 
a valued friend and faithful worker. 

F. P. Scort 
U.S. Naval Observatory, 
Washington, D.C. 





R. M. Yerkes, Psychobiologist 


Robert Mearns Yerkes, one of Amer- 
ica’s greatest psychologists or psychobi- 
ologists, as he preferred to be called, was 
born in Bucks County, Pennsylvania, 26 
May 1876, and died in New Haven, Con- 
necticut, 3 February. 1956. 

Yerkes’ life illustrates the power, in a 
scientific career, of a fruitful idea. He 
reported that when he was still a gradu- 
ate student at Harvard, he suddenly be- 
came convinced that what was needed to 
unlock the complex problems of human 
and animal behavior was a research in- 
stitute for the comparative study of 
mammals and man, with special refer- 
ence to the great apes. The idea for this 
program occurred to him in 1900. By 
laboring for more than half a century, 
and in spite of great financial difficulties, 
he was able to transform this important 
plan into an effective reality. 

After taking his undergraduate degree 
at Ursinus College, he went to Harvard 
in 1897. He stayed there as a graduate 
student and faculty member for 20 sci- 
entifically valuable years. During this 
period he organized and developed work 
in animal or comparative psychology at 
Harvard. While in Cambridge he also 
applied the techniques of the biologically 
trained psychologist to a number of ap- 
plied problems in human psychology. For 
5 years, for example, he gave half of 
his time to psychological service and re- 
search in the psychopathic department 
of the Boston State Hospital. Here his 
famous point scale for measuring mental 
ability was developed. 

In 1917 he accepted an invitation to 
go to the University of Minnesota to 
organize, in a new and enlarged way, its 
work in all areas of psychology. He at 
once began recruiting an outstanding 
staff for the department. But he himself 
was destined never to take up residence 
in Minnesota. Before he could begin 
work there, World War I intervened. At 
that time he was president of the Amer- 
ican Psychological Association, and, 


greatly to the advantage of the, nation 
and of the psychological profession, he 





at once offered to mobilize American 
psychologists for the war effort. 

As a result of the work that he initi- 
ated, more than 400 psychologists and 
trained assistants gave intelligence tests 
to 1,726,966 inductees. The results of 
this first large-scale use of group tests 
were later issued, under Yerkes’ direc- 
tion, as a monumental volume, Psycho- 
logical Examining in the United States 
Army,” published by the National Acad- 
emy of Sciences in 1921. This book did 
much to set the pattern of applied psy- 
chological work for the period between 
the two world wars. 

At the end of hostilities he was anxious 
to proceed with his plans for the devel- 
opment of an institute for comparative 
behavior research. But he was prevailed 
on to stay in Washington to assist in the 
establishment of the many peacetime 
programs of the new National Research 
Council. During this period he demon- 
strated his great ability as an organizer 
and as a creative worker in a broad range 
of fields related to scientific manpower 
policy and utilization. Even today it is 
hard to find any area of scientific man- 
power work, such as the analytical list- 
ing of scientists, the development of fel- 
lowship programs, or the recording of the 
topics and scope of research in progress, 
that was not planned at this time by 
Yerkes. 

At length, in 1924, he did return to 
academic work as a professor in the new 
Institute of Psychology at Yale. From 
this time on, his research and his publi- 
cations more and more mark the devel- 
opment of his great motivating idea for 
an institute for the comparative study of 
behavior. In 1929, with the expert col- 
laboration of his able wife, Ada W. 
Yerkes, he published The Great Apes: a 
Study of Anthropoid Life. This volume 
of more than 650 pages showed, for the 
first time in a complete way, the scien- 
tific world the importance of compara- 
tive anthropoid studies. 

In 1930, with the assistance of Yale 
University and the Rockefeller Founda- 


Sr 


tion, Yerkes began the erection of the 
basic buildings of the Yale Laboratories 

of Primate Biology at Orange Park, 

Florida. This unique station for the study 

of the great apes was renamed the 

Yerkes Laboratories of Primate Biology 

at the time of its founder’s retirement 

in 1942. 

The location of this laboratory on 
Florida’s St. Johns River, about 15 miles 
from the city of Jacksonville, was based 
on a careful study of climate, records of 
storms, and all other environmental mat- 
ters relevant to the establishment of a 
breeding and study colony in which the 
great apes could live under satisfactory 
and natural conditions. A list of the 
names of the scientists who have worked 
and been trained at this station and a 
study of the approximately 400 research 
papers that have been issued there attest 
to the fruitfulness of Yerkes’ original 
idea that led to the establishment of the 
laboratory. 

During World War II, Yerkes again 
offered his talents as an organizer to the 
service of the nation. At this time he had 
an opportunity to note how unfortunate 
for the country had been the abandon- 
ment of some of the programs that he 
had started during World War I and that 
he had attempted to foster, at the Na- 
tional Research Council, in the period of 
demobilization and peace following that 
conflict. Because of his broad experience 
in national affairs, Yerkes devoted much 
of his time during World War II, and 
after its close, to developing plans by 
means of which civilian scientists and 
regular military leaders could be kept in 
effective contact with each other in the 
solution of the ever new problems that 
result from progress in the techniques 
used in the defense of the nation. 

There is a deep symbolism in the fact 
that Yerkes’ last paper was entitled “The 
biologist’s point of view.” In all his work 
this had indeed been his approach to the 
problems of behavior and of mind. This 
way of understanding psychology was 
seen in his own research, in the investi- 
gations of his students, and in the unique 
laboratory that he brought into being. As 
a result of his wisdom and energy, many 
positive forward steps have been made 
possible in the scientific understanding 
of human and animal behavior. He was 
a pioneer who had, to a rare degree, the 
energy and diligence necessary to trans- 
form original ideas into effective accom- 

plishment. 
LEONARD CARMICHAEL 
Smithsonian Institution, 
Washington, D.C. 
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News of Science 


IAEA First-Year Program 


The Preparatory Commission of the 
International Atomic Energy Agency re- 
cently released a report proposing a pro- 
gram for the first year of IAEA’s opera- 
tion. The report will be considered at the 
first general conference of the agency, 
which will open in Vienna on 1 Oct. In 
addition to the report of the Prepara- 
tory Commission, the conference will 
consider a variety of other recommen- 
dations made by the commission con- 
cerning the relationship of the agency 
to the United Nations and to other in- 
ternational organizations, the headquar- 
ters of the agency, and a number of 
recommendations concerning structure 
and administration. 

The basic objective of the agency as 
defined in its statute is to “seek to ac- 
celerate and enlarge the contribution of 
atomic energy to peace, health and pros- 
perity throughout the world.” The Pre- 
paratory Commission’s report recognizes 
that one of the first ways in which the 
agency can attempt to meet this objec- 
tive is by assisting its members “to ac- 
quire the knowledge and skills to make 
full use of the applications of radiation 
and radioisotopes for scientific research, 
and to . . . agriculture, industry, and 
medicine.” 

The commission recommends that the 
agency take early action to stimulate the 
flow of scientific and technical informa- 
tion among its members. While welcom- 
ing the removal of classification restric- 
tions during the last year or two, the 
commission considers that the agency 
can offer a unique service by providing 
a central pool of information and by 
keeping its members informed of the 
latest developments in the nuclear field. 

The commission emphasizes that from 
its inception the agency “will be faced 
with problems created by the world-wide 
shortage of trained scientific and tech- 
nical personnel.” It recommends, there- 
fore, that the agency take immediate 
steps to assist the training of nuclear 
specialists, particularly in the under- 
developed countries, and expresses the 
hope that member states will from the 
outset place at the disposal of the agency 
training and research facilities, particu- 
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larly where reactors already exist. The 
commission suggests the establishment of 
a special program for promoting the 
construction of a limited number of re- 
search or power reactors, so located as 
to give “the maximum benefit to the 


largest possible number of membcr 
g p 
states.” 

The report recommends that the 


budget for the first year of the agency 
be $4,089,000 and that a working capi- 
tal fund of $2 million be established. In 
addition, it is proposed that states that 
are members of the agency make volun- 
tary contributions totaling $250,000 for 
the establishment, of training programs 
for nuclear specialists, particularly in 
the less-developed countries. 


SEATO Fellowships 


Research fellowships for nationals of 
member countries are now being offered 
by the Southeast Asia Treaty Organiza- 
tion under its cultural relations program. 
The grants, for research primarily in 
SEATO countries, seek to ‘encourage 
study of “such social, economic, politi- 
cal, cultural, scientific and educational 
problems as give insight into the present 
needs and future development of South- 
east Asia and the Southwest Pacific.” 

The grants are for from 4 to 10 
months and provide a $400 monthly al- 
lowance and air transportation. An- 
nouncement of the final awards, which 
are to be made by an international 
SEATO committee, is expected in De- 
cember. U.S. citizens should apply not 
later than 15 Oct. 1957 to the Com- 
mittee on International Exchange of 
Persons, Conference Board of Associ- 
ated Research Councils, 2101 Constitu- 
tion Ave., NW, Washington, D.C. 


Submarine Mountain Range 


A new undetsea mountain range has 
been discovered north of Point Barrow, 
Alaska, by a team of geophysicists from 
Columbia University’s Lamont Geolog- 
ical Observatory. The group, which is 
engaged in research for the International 
Geophysical Year, is stationed on an 





Arctic ice pack that is drifting toward 
the North Pole. The work is sponsored 
by the IGY Committee of the National 
Academy of Sciences and the Air Force 
Cambridge Research Center. 

Maurice J. Davidson, leader of the 
expedition, has radioed that there is 
every indication that this major sub- 
marine range parallels the great La- 
monosov ridge in the central Arctic. 
This latter ridge extends from Green- 
land across the Arctic Ocean toward the 
New Siberian Islands and has been ex- 
plored by Soviet scientists and by Amer- 
ican scientists on T-3, the floating ice 
island. 

The geophysicists have reported that 
since first soundings were taken at 
82°15’N and 165°10’W all results had 
indicated water depths of about 3000 
meters, or nearly 10,000 feet. Recently, 
however, the station, which has been 
moving steadily, floated over a “topo- 
graphic feature” with depths as shal- 
low as 1515 meters, or 4971 feet, at 
83°51.5’N and 168°43’W. This indi- 
cates a submarine mountain range that 
rises at least 5000 feet above the ocean 
floor. It was not possible for the inves- 
tigators to obtain further details on the 
length or width of the range. 

The geophysicists also reported that 
several cores of ocean-bottom sediments 
have been obtained by the expedition. 
One of these cores is perhaps the longest 
ever obtained in the Arctic Ocean. They 
will be brought back to the Lamont Geo- 
logical Observatory for analysis. 


High-School Science Enrollments 
Rise for First Time since 1910 


The U.S. Office of Education reports 
that a recent study of high-school enroll- 
ments in science and mathematics, to be 
published in full in a few months, shows 
that last fall there was a small increase 
in the percentage of students enrolled in 
mathematics and science courses. This is 
the first such increase since 1910. Until 
last fall, the percentages had been gen- 
erally on the decline. However, despite 
the previous percentage declines, the 
total number of students enrolled in 
these courses has increased steadily and 
is now the highest in the nation’s history. 

The Office of Education also reports 
that more and more schools have been 
offering courses in science and mathe- 
matics. The percentage of public high 
schools providing courses in chemistry or 
physics to 12th-grade students rose from 
77 percent in 1954 to 82 percent last 
year. Schools offering plane geometry 
courses to 10th-grade students rose from 
78 percent to 81 percent. 

The study showed that the percentage 
of high-school students taking algebra 
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decreased from nearly 56.9 percent in 
1910 to a low of 24.6 percent in 1952, 
then increased to 28.7 percent in 1956. 
However, the total number of students 
enrolled in this subject increased from 
about 500,000 in 1910 to more than 2 
million in 1956. 

Wide regional variations in enroll- 
ments in science and mathematics were 
found in 1956, the base year for the re- 
cent study. For example, 90 percent of 
the 10th-grade students in the South 
Atlantic region study biology, as com- 
pared with only 65 percent in the Pacific 
Coast states. In one region 27.9 percent 
of the students studied intermediate al- 
gebra, as compared with 3.8 percent in 
another. 

Many small high schools do not offer 
advanced science or advanced mathe- 
matics courses. Although they enroll a 
relatively small proportion of the total 
high-school students, approximately 100,- 
000 high-school seniors attend schools 
that do not offer advanced mathematics. 


Visiting Scientists Program 


The American Association of Physics 
Teachers and the American Institute of 
Physics are jointly sponsoring a program 
of visiting scientists for 1957-58. Sup- 
ported by a grant from the National 
Science Foundation, the program will 
provide opportunities for the faculty 
and students in colleges and universities 
lacking extensive research facilities to 
meet well-known physicists informally 
and to hear them discuss their research 
interests. A few high schools will also 
be included in the program. 

This activity is under the direction 
of the AAPT Committee on the Pro- 
gram of Visiting Scientists, whose chair- 
man is J. W. Buchta of the University 
of Minnesota. Inquiries should be di- 
rected to W. C, Kelly, American Insti- 
tute of Physics, 335 E. 45 St., New York 
17, N.Y. 


Nova Scotia Centre for 
Geological Sciences 


An unusual international educational 
program celebrated its tenth anniversary 
on 30 Aug. with the closing exercises of 
the Massachusetts Institute of Technol- 
ogy Summer School of Geology at Anti- 
gonish, Nova Scotia. Sponsored jointly 
by the M.I.T. department of geology 
and geophysics and the Province of 
Nova Scotia, this school has helped edu- 
cate some 350 young Canadian and U.S. 
geologists. 

This outstanding example of interna- 
tional cooperation in education func- 
tions as follows. Several professors from 
M.I.T, and from Nova Scotia univer- 
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sities instruct a group of 25 to 30 stu- 
dents each summer in field training in 
geology and associated sciences at the 
Nova Scotia Centre for Geological Sci- 
ences at Crystal Cliffs. The project, 
which is administered by M.I.T., also 
carries on a program of student thesis 
work and staff research throughout the 
Province of Nova Scotia. 

The province, largely through the De- 
partment of Mines and to some extent 
through the Nova Scotia Research Foun- 
dation, provides lodging, food, and trans- 
portation for the students and staff of 
the school. In several cases, the province’ 
has also provided grants and transporta- 
tion assistance to students working on 
theses. 

Students from four Nova Scotia 
schools—Acadia_ University, Dalhousie 
University, Nova Scotia Technical Col- 
lege, and St. Francis Xavier Univer- 
sity—have an equal opportunity with 
M.I.T. students to participate in the in- 
structional program and in the thesis 
work of the school. Students from other 
maritime colleges and from other schools 
in the United States are admitted as far 
as facilities permit. 

Sixteen American schools besides 
M.I:T. have sent students to the pro- 
gram, with Yale University having sent 
the most. These U.S. students have come 
from 36 of the 48 states. In addition, 
foreign students from every continent of 
the globe have also participated in the 
program. 

The curriculum of the school covers 
a period of 10 weeks, part of which is 
devoted to practical field mapping and 
detailed studies related to the natural re- 
sources of Nova Scotia. In the past 10 
years, students have set up and occupied 
more than 50 camp sites for their field 
work, 

These field studies have been chiefly 
devoted to unsolved problems, and many 
of the reports on stratigraphic and struc- 
tural geology have had a bearing on nat- 
ural resources. Such reports on problems 
of an economic or practical nature have 
included studies dealing with gold, cop- 
per, iron, cobalt, uranium, and coal. A 
number of these studies have been pub- 
lished by the Nova Scotia Department 
of Mines. 

This international cooperative venture 
in geologic instruction and research was 
initiated by Walter L. Whitehead of 
M.1.T., Donald J. MacNeil of St. Fran- 
cis Xavier University in Antigonish, and 
Harold D. Smith of the Nova Scotia 
Research Foundation. It has been spon- 
sored and supported from the beginning 
by the Nova Scotia Department of 
Mines. Additional assistance has been 
given by the Nova Scotia Research 
Foundation, the Dominion Coal Com- 
pany, and the Geological Survey of 
Canada. 





Marshall Island Fallout Report 


The Atomic Energy Commission has 
announced publication of Radioactive 
Contamination of Certain Areas of the 
Pacific from Nuclear Tests—a Summary 
of the Data from the Radiological Sur- 
veys and Medical Examinations. This 
report brings together the principal data 
on environmental contamination from 
the radioactive fallout following the 1 
Mar. 1954 thermonuclear detonation at 
the Eniwetok Proving Ground. It col- 
lates ten radiological surveys made in 
the Pacific by the Applied Fisheries 
Laboratory of the University of Wash- 
ington, U.S. Naval Radiological Defense 
Laboratory, Health and Safety Labora- 
tory at the New York Operations Office 
of the AEC, and the Office of Naval Re- 
search. The report also contains perti- 
nent excerpts of the findings of Ameri- 
can medical teams who examined the 
exposed Marshallese. The report may be 
obtained for 50 cents from the Super- 
intendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, 
D.C. 


Cleveland Engineering Center 


The Cleveland Engineering and Sci- 
entific Center, Cleveland, Ohio, is now 
under construction. A cornerstone cere- 
mony was recently held for the $1,525,- 
000 building, which is scheduled to open 
next spring as headquarters for 13,000 
engineers, scientists, and technical ex- 
perts in the Cleveland area. The struc- 
ture will have a main section of two 
stories and a five-story tower. In addi- 
tion to the Cleveland Engineering So- 
ciety, 52 member organizations of the 
Cleveland Technical Societies Council 
will use the building. 


International Abstracts of 
Biological Sciences 


Last October it was announced in 
Nature (128, 726) that it was the in- 
tention of the Council of Biological and 
Medical Abstracts Limited to change 
the name of British Abstracts of Medical 
Sciences to International Abstracts of 
Biological Sciences. This change has now 
occurred, and it emphasizes two impor- 
tant developments in the character of 
the journal: the abstracts now cover a 
wider range of subjects and they also 
cover the Russian literature. The inclu- 
sion of subjects not previously covered 
has been promoted by the appointment 
to the council of representatives from 
the Society of Experimental Biology. 

A variety of other improvements have 
also been incorporated, and Interna- 
tional Abstracts of Biological Sciences 
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now provides a comprehensive abstract- 
ing service for experimental and bio- 
chemical aspects of biology. The journal 
is published by Pergamon Press for the 
council on a nonprofit basis. Suggestions 
for improvements and offers of help in 
abstracting (especially from those with a 
knowledge of Russian) are always wel- 
come and may be addressed to the Edi- 
torial Offices, International Abstracts of 
Biological Sciences, Pergamon Press 
Ltd., 4-5, Fitzroy Square, London, W.1., 
England. 


Manhattan’s Bedrock 


Headed by J. Laurence Kulp, asso- 
ciate professor of geology, a group of 
geochemists from Columbia University’s 
Lamont Geological Observatory recently 
investigated the age of New York City’s 
bedrock. The research team was able to 
measure the ratio of potassium to argon 
(its decay product) in the rock, and 
their findings support the view that the 
Manhattan schist is some 380 million 
years old. 

This conclusion is expected to end a 
long-standing controversy among geolo- 
gists, some of whom have maintained 
that the Manhatton rock is Precambrian, 
up to 1700 million years old. Walter H. 
Bucher, Newberry professor emeritus of 
geology at Columbia and former presi- 
dent of the Geological Society of Amer- 
ica, has argued that it is much younger. 


Nuclear Chemical Company 


The Nuclear Chemical Company, 
Chicago, IIl., is a new company that will 
manufacture and supply organic com- 
pounds tagged with radioactive carbon, 
hydrogen, phosphorus, and sulfur. Serv- 
ices offered by the new company include 
the performance of special syntheses and 
consultations and research involving ap- 
plications of radiochemical techniques. 

Bernard Wolnak, who is president of 
Mid-West Laboratories, will also head 
this new organization. Earl L. Whittaker, 
radiological chemist who was formerly 
associated with Nuclear-Chicago Corpo- 
ration, will be in charge of laboratory 
operations. 


Ultraviolet Spectral Data 


Organic Electronic Spectral Data, 
Inc., of Silver Spring, Md., is preparing 
what is perhaps the most comprehensive 
collection of ultraviolet spectral data 
ever attempted. H. E. Ungnade of Los 
Alamos Scientific Laboratory, president 
of the nonprofit corporation, estimates 
that the collection may include descrip- 
tions of as many as 50,000 ultraviolet 
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absorption spectra of organic com- 
pounds. Purpose of the project is to 
make available in one definitive refer- 
ence a majority of such data published 
since the onset of the photoelectric era. 
To aid the work, Beckman Instruments, 
Inc., recently made a $1000 contribution. 

Forty scientists from government, in- 
dustry, and universities are cooperating 
in the venture, and the material is being 
abstracted from 65 journals in eight lan- 
guages. Since the start of the project 
early this year, more than 21,000 spectra 
have been collected. The first two-vol- 
ume set of Organic Electronic Spectral 
Data, which will cover the literature 
from 1946 to 1955, will be published 
next year by Interscience Publishers, 
New York, under the editorship of Ung- 
nade and Mortimer Kamlet of the U.S. 
Naval Ordnance Laboratory, White 
Oak, Md. 


Leukemia Fellowship in Argentina 


Fundaleu, a leukemia foundation in 
Argentina, has announced the Silvina 
Estrada de Acevedo fellowship for re- 
search in experimental leukemia. This 
award has been established by Don 
Horacio Acevedo in memory of his wife. 
It is open to a scientist from any part of 
the world who has already been conduct- 
ing research in the field. The fellowship 
recipient will work at the Department 
of Experimental Leukemia, Blood Re- 
search Institute, National Academy of 
Medicine, for a year, beginning 1 Feb. 
1958. The grant may be extended for a 
year. Applications; which must include 
personal data and a project outline, 
should be forwarded not later than 30 
Nov. to: Fundaleu, Instituto de Investi- 
gaciones Hematologicas, Academia Na- 
cional de Medicina, Melo 3081, Buenos 
Aires, Argentina. 


Pharmaceutical Research 
Information 


Current Contents of Pharmaceutical 
Publications is a new weekly designed to 
fill the pharmaceutical industry’s need 
for current research information. Re- 
search in human and veterinary medi- 
cine, public health, pharmacology, and 
synthetic chemistry will be covered. Or- 
ganizations subscribing to the Current 
Contents service receive multiple copies 
of a weekly pocket-size booklet contain- 
ing photographic reproductions of the 
current or advance tables of contents of 
nearly 250 periodicals. 

Two additional features available to 
subscribers to the Current Contents serv- 
ice are a reprint expediting service and 
a procurement service for purchasing 
single copies of individual journals. For 





a list of the journals covered, specimen 
copies, and any additional information 
write to: Eugene Garfield Associates, 
1523 Spring Garden St., Philadelphia, 
Pa. 


Arkansas Technology Institute 


The University of Arkansas is plan- 
ning construction of its first Graduate 
Institute of Technology at Little Rock. 
Nine leading scientists and educators 
met 29 July at Winthrop Rockefeller’s 
Winrock Farm in Arkansas to discuss 
the institute’s buildings, curriculum, and 
staff. Rockefeller, as chairman of the 
Arkansas Industrial Development Com- 
mission, is working closely with the uni- 
versity in organizing the school. 

The men attending the conference 
were A. V. Astin, director, National Bu- 
reau of Standards, Washington, D.C.; 
Lee A. DuBridge, president, California 
Institute of Technology; Clark D. Good- 
man, assistant director for technical op- 
erations, Division of Reactor Develop- 
ments, U.S. Atomic Energy Commission; 
George W. Irving, deputy administra- 
tor, Agricultural Research Service, U.S. 
Department of Agriculture; Marvin J. 
Kelley, president, Bell Telephone Lab- 
oratories; Alan T. Waterman, director, 
National Science Foundation; Clyde 
Williams, president, Battelle Memorial 
Institute; R. M. Zabel, engineering man- 
ager, Westinghouse Electric Corpora- 
tion; and Joseph R. Bransford, vice 
president, Telephone and _ Installation 
Division, Western Electric Company. 

Arkansas is engaged in a campaign to 
get new industries, and the 1957 legis- 
lature appropriated $600,000 for the 
1957-59 biennium to build an institute 
for basic and applied research in: the 
physical sciences. Out of the Winrock 
discussion came the conclusion that the 
school should be primarily an educa- 
tional institution closely connected with 
the university, whose main campus is lo- 
cated at Fayetteville. It was agreed that 
the institute should concentrate on the 
pure sciences and not be an applied re- 
search center, that applied research to 
encourage location of .new industries 
would follow in the natural evolution 
of the institute. 

It was suggested that the new insti- 
tute provide work to the master’s level, 
building on top of the usual engineering 
degree and giving emphasis to the basic 
sciences and mathematics. A doctoral 
program may be considered in later 
years. 

An advisory council set up as a steer- 
ing group will hold meetings in the near 
future to select a director and continue 
organizational planning. Several sites for 
the institute are being considered in the 
Little Rock area. 
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Ortho and Hartman Awards 


The American Society for the Study 
of Sterility has announced the 1958 
Ortho and Carl G. Hartman grants-in- 
aid, each of which amounts to $500. Ap- 
plications for these two awards should 
be sent by 30 Nov. to the chairman of 
the society’s Research Correlating Com- 
mittee, Dr. S. Leon Israel, 2116 Spruce 
St., Philadelphia 3, Pa. No application 
will be considered unless it is accom- 
panied by three copies of a brief outline 
of the research project for which aid is 
being requested. 


Cytoanalyzer 


A newly developed cytoanalyzer, an 
electronic optical machine that can scan 
a vaginal smear slide in less than 1/5 
millisecond, has been installed by the 
National Cancer Institute at the Uni- 
versity of Tennessee Medical School in 
Memphis. Potentialities of the new cell- 
examination method for detection of 
uterine cancer have already been dem- 
onstrated. First examination of 108,000 
women led to discovery of about 800 
cases, about half of them in the prein- 
vasive stage. 


Valid Zoological Names 


The International Trust for Zoologi- 
cal Nomenclature has announced that 
arrangements have been made for the 
immediate publication in book form of 
the first installment of each of the “Offi- 
cial Lists” of valid zoological names and 
of the corresponding “Official Indexes” 
of rejected and invalid names, together 
with the first installments of the official 
lists of works approved as available for 
zoological nomenclature and of the offi- 
cial index of rejected and invalid works. 
The categories of names covered by 
these lists and indexes range from spe- 
cific names to ordinal names. The total 
number of entries contained in the in- 
stallments now to be published is about 
5000. 

The first of these lists, that related to 
generic names, was established by the 
ninth International Congress of Zoology, 
Monaco, 1913, while the most recent 
were brought into existence by the 14th 
congress at Copenhagen in 1953. The 
entries made on these lists and indexes 
have been promulgated from time to 
time by the International Commission 
on Zoological Nomenclature in individ- 
ual “Opinions” and “Directions,” but, 
owing to the large number of documents, 
it has become increasingly difficult for 
specialists to ascertain what names have 
so! far been registered under this system. 

This difficulty will completely disap- 
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pear on publication of the installments 
now in press, each of which will be sup- 
plied both with a full alphabetical index 
and also with alphabetical indexes ar- 
ranged by major groups. The groups 
so selected will usually be classes, but, 
in the case of large classes containing 
well-recognized orders, these supple- 
mentary indexes will be on an ordinal 
basis. 

These official lists and official indexes 
constitute the principal instrument de- 
vised to promote stability in zoological 
nomenclature and will be indispensable 


to all specialists engaged in taxonomic: 


work in zoology and paleontology. In- 
quiries about these publications should 
be addressed to the International Trust 
for Zoological Nomenclature at its Pub- 
lications Office, 41 Queen’s Gate, Lon- 
don W.W.7, England. 


System for Patent Searching 


The U.S. Patent Office has reported 
that a newly developed punch-card sys- 
tem for mechanically searching files of 
patents has cut examination time 80 
percent and made possible what may 
become a significant advance for the 
drug manufacturing industry. The new 
method was used to help examiners 
determine whether patents could be 
granted to 64 patent applications in- 
volving steroids. This required the in- 
spection of more than 2000 existing 
patents to uncover any subject matter 
related to the pending applications. Re- 
sults showed that one examiner’ could 
do the work of five in the same period 
of time and with a higher degree of 
accuracy. 

On the basis of this successful opera- 
tion, the Patent Office has proposed to 
officials of the American Drug Manu- 
facturers Association that industry, to- 
gether with interested organizations, 
individuals, universities, and _ libraries, 
cooperate to expand the file of cards to 
include steroid material from all tech- 
nical publications. Data would be ana- 
lyzed, coded, and punched into the 
master file along with the patent in- 
formation already there. Anyone need- 
ing the information could obtain the 
entire file at the nominal cost of repro- 
ducing the punched cards. 

Robert C. Watson, commissioner of 
patents, and Karl Bambach, executive 
vice president of ADMA, have urged 
that those most interested cooperate on 
the project in view of the continuing 
large expansion of the steroid chemistry 
field. An ADMA committee appointed 
to consider industrial phases of the proj- 
ect met with Patent Office representa- 
tives this month during the American 
Chemical Society’s national conference 
in New York. 








Fossil Vertebrate Collection 


The Los Angeles County Museum re- 
cently received from California Insti- 
tute of Technology its entire reference 
and exhibit collection of fossil verte- 
brates. This brings together the two im- 
portant collections so thoroughly docu- 
mented by the late Chester Stock and 
his students: the C.I.T. collection ac- 
cumulated during the past 23 years and 
the museum’s Rancho La Brea fossils. 
With the addition of the institute col- 
lection, which contains more than 50,- 
000 specimens from at least 500 sepa- 
rate localities in North America, the 
museum has become one of the most im- 
portant vertebrate paleontological cen- 
ters in western North America. 

The greater part of the research col- 
lection is available for use by interested 
research workers. Most of the fine ex- 
hibit specimens (such as those from 
California and Mexico) must wait their 
turn for display until the museum fulfills 
its intent to provide more exhibit space. 
For the present it is possible to place on 
display the complete mounted skeleton 
of the California Cretaceous Plesiosaur, 
Morenosaurus stocki, and the original 
skeleton of the dawn horse, Eohippus 
borealis, from Big Horn Basin in Wyo- 
ming. Theodore Downs, curator of ver- 
tebrate paleontology, will be in charge 
of the collections under the supervision 
of Hildegarde Howard, chief curator of 
science, 


Scientists in the News 


GERARD P. KUIPER, professor of 
astronomy at the University of Chicago, 
has been named chairman of the depart- 
ment of astronomy. Kuiper also will be 
director of the university’s Yerkes Ob- 
servatory at Williams Bay, Wis., and the 
McDonald Observatory at Fort Davis, 
Tex., which the university operates un- 
der a joint agreement with the Univer- 
sity of Texas. 

He succeeds BENGT G. STROM- 
GREN, Sewell L. Avery distinguished 
service professor of astronomy, who has 
been chairman of the department and 
director of both observatories since 1951. 
Stromgren has accepted an appointment 
to the Institute for Advanced Study, 
Princeton, N.J. 


BEN R. BURMESTER has received 
the Borden award for his work since 1950 
on visceral lymphomatosis, a poultry dis- 
ease that can be compared with Hodg- 
kins disease in human beings. It is esti- 
mated that visceral lymphomatosis costs 
the industry and consumers $70 million 
a year. 

Burmester, who is a senior biologist in 
the regional poultry research laboratory 
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of the U.S. Department of Agriculture 
and an associate professor at Michigan 
State University, has developed a vac- 
cine for immunization of chickens which 
has proved effective experimentally but 
which has not yet been made available 
commercially. 


K. E. BULLEN, chairman of the Aus- 
tralian National Committee for the In- 
ternational Geophysical Year, will speak 
to 16 local sections of the Society of Ex- 
ploration Geophysicists on a tour that 
will cover most of the United States and 
part of Canada during September and 
October. For information about his 
schedule, write to the chairman of the 
SEG’s Distinguished Lectures Commit- 
tee, Peter Dehlinger, College Station, 
Tex. 


L. D. HERRING, dental surgeon and 
president of the Southern Chapter of the 
AAAS at Raleigh, N.C., has just returned 
from Havana, Cuba, where he was made 
an honorary member of the Cuban So- 
ciety of Public Health and honorary 
member of the Cuban Society of Tropi- 
cal Medicine and Biology. Herring will 
return to Havana on 3 Dec. to receive 
the Cuban decoration of the National 
Order of Merit “Carlos J. Finlay” in the 
grade of officer. 


ROBERT A. MOORE, vice chancel- 
lor of the health professions at the Uni- 
versity of Pittsburgh, has been appointed 
president of the Downstate Medical Cen- 
ter of the State University of New York 
and dean of the center’s College of Medi- 
cine. 

He succeeds HOWARD W. POT- 
TER, who will retire from the deanship 
on | Oct. Potter, professor of psychiatry 
at the college since 1943, will continue in 
that capacity. 


WARREN E. WILSON has _ been 
named acting president of Pratt Insti- 


‘ tute to succeed FRANCIS H. HORN, 


who resigned in June. Wilson joined 
Pratt as dean of the engineering school 
last September; he had been at Pennsyl- 
vania State University, where he was 
George Westinghouse professor of engi- 
neering education. 


NICOLAR KURTI of Oxford Uni- 
versity, England, received the $1000 
Fritz London memorial award at the 
University of Wisconsin during the re- 
cent International Conference on Low 
Temperature Physics and Chemistry. He 
was honored for his outstanding research 
contributions in the field of low-tem- 
perature physics. The award is provided 
by Arthur D. Little, Inc., Cambridge, 
Mass., as a memorial to the late Fritz 
London of Duke University, a noted 
physicist in the field. 
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DANIEL G. MAZUR has been ap- 
pointed manager, Vanguard Operations 


_ Group, at Patrick Air Force Base, Fla., 


where he will supervise the Navy’s part 
of the operations at Patrick for the earth 
satellite program. Mazur, an electronic 
engineer who has been with the Naval 
Research Laboratory since 1946, has 
specialized in the design and operation 
of telemetering for rockets. For the past 
year he has served as head of the elec- 
tronic instrumentation branch of Project 


Vanguard. 


Col. A. H. DAVIDSON, Jr., who di- 
rected all engineer planning operations 
in conjunction with the invasion of 
northern Europe in World War II, has 
been appointed director of the U.S. 
Army Engineer Research and Develop- 
ment Laboratories, Fort Belvoir, Va. He 
succeeds Col. H. F. SYKES, Jr., who 
retired from the Army on 31 July. 


PAUL S. STOKELY, for 15 years a 
member of the teaching staff at Notre 
Dame University, will join the College 
of Steubenville (Ohio) as associate pro- 
fessor of biology. 


CHARLES C. BOYER, formerly as- 
sistant professor of anatomy at the Uni- 
versity of Alabama Medical Center, has 
been appointed associate professor of 
anatomy in the new West Virginia Uni- 
versity Medical Center at Morgantown. 


WALTER C. STANLEY, assistant 
professor of psychology at Brown Uni- 
versity, has joined the staff of the Roscoe 
B. Jackson Memorial Laboratory at Bar 
Harbor, Me., to participate in studies on 
the development of behavior in dogs. 


RICHARD E. SHOPE, member and 
professor of the Rockefeller Institute for 
Medical Research, received the Kober 
medal of the Association of American 
Physicians during its annual meeting in 
Atlantic City, N.J., last spring. He was 
honored for his work in the animal virus 


field. 


ARTHUR V. JENSEN has been ap- 
pointed assistant dean at New York 
Medical College, Flower and Fifth Av- 
enue Hospitals. Jensen has been associate 
professor in the department of anatomy 
at the college for the past 4 years, a posi- 
tion he will continue to hold. 


ARTHUR KORNBERG, head of the 
department of microbiology at Washing- 
ton University Medical School, has been 
selected to head a new department of 
biochemistry at Stanford University 
School of Medicine. The appointment 
will become effective in July 1959, soon 
after completion of the Stanford Medi- 
cal Center now under construction. 





BENJAMIN B. BAUER, vice presi- 
dent in charge of engineering and re- 
search for Shure Brothers, Inc., Chicago, 
has been appointed head of the section 
for audio and acoustical research in the 
CBS Laboratories, a division of Colum- 
bia Broadcasting System, Inc. 


BERTRAM S. KRAUS, associate 
professor of anthropology at the Univer- 
sity of Arizona, has accepted a post as 
professor of physical anthropology in the 
department of orthodontics, School of 
Dentistry, University of Washington, 
Seattle. He will also be research asso- 
ciate in the department of anthropology. 


Recent Deaths 


MARY A. BENNETT, Macomb, IIL; 
68; professor emeritus of biological sci- 
ences and retired head of the department 
of biological sciences at Western Illinois 
University; 12 Aug. 

JAMES D. CAMPBELL, Colton, 
Md.; 73; teacher of mathematics in D.C. 
schools for 42 years; 18 Aug. 

J. A. DONDERO, Brooklyn, N.Y.; 
56; research chemist specializing in dyes, 
solvents, and catalysts who became a 
fingerprint expert and president of Fau- 
rot, Inc., manufacturers of fingerprint 
equipment; 23 Aug. 

DONALD MacKENZIE, Albuquer- 
que, N.M.; 69; specialist in optics and 
acoustics, especially sound recordings; 
patents manager for Sandia Corporation, 
which operates the Sandia Special Weap- 
ons Base at Albuquerque for the Atomic 
Energy Commission; 20 Aug. 

Sir CHARLES READ, Dartmouth, 
England; 54; outstanding gynecologist; 
honorary fellow of the American Gyne- 
cological Society; president of the Royal 
College of Obstetricians and Gynecolo- 
gists; 21 Aug. 

JOSEPH TYRRELL, Toronto, Can- 
ada; 98; geologist; former president of 
the Kirkland Lake Gold Mining Com- 
pany; uncovered Canada’s first fossil 
dinosaurs; 26 Aug. 

CLAUDE C. Van NUYS, Brea, 
Calif.; 79; former professor of physics 
and electrical engineering at both the 
South Dakota School of Mines and the 
Colorado School of Mines; retired chief 
physicist for the Air Reduction Com- 
pany, Inc.; specialist in the theory of 
gaseous and liquid mixtures and their 
separation, the thermodynamics of solu- 
tions, and the chemistry of substances; 

19 Aug. 

MAX WEISSMAN, New Haven, 
Conn.; 62; senior psychiatrist at Kings 
County Hospital, New York; for many 
years assistant to Julius Wagner—Jauregg, 
Nobel prize winning director of the Uni- 
versity of Vienna psychiatric clinic; 24 
Aug. 
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Occurrence of 1-Quinic Acid 
in Tobacco Leaves 


Quinic acid has been isolated and 
identified as a constituent of various 
fruits and grasses (J-3). This report de- 
scribes the isolation of [-quinic acid from 
mature green leaves of Nicotiana ta- 
bacum var. Connecticut shade-grown 
(4). Quinic acid is a normal constituent 
of the leaf, and preliminary data suggest 
that it may serve as a precursor of chloro- 
genic acid. 

Separation of quinic acid from the 
major organic acid, malic acid, was 
achieved by displacement chromatogra- 
phy (2, 3). A water extract (5) of 30 g 
of dried green tobacco leaves was decol- 
orized with 8 g of Darco G-60 (6) and 
passed successively through a column of 
Dowex 50-X8 (100 to 200 mesh, hydro- 
gen form) (7) 15 cm by 3.5 cm? and a 
column of Dowex 1-X4 (200 to 400 
mesh, acetate form) (7) 17 cm by 3.5 
cm?. The columns were washed with 
water, and the organic acids were dis- 
placed from the Dowex 1 with 0.1N 
HCl. Fractions of 10-ml volume were 
collected and examined by paper chro- 
matography. Malic acid first appeared in 
fraction 20; fractions 4 to 17 contained a 
mixture of acids, including quinic and 
p-glyceric acids (8). These fractions 
were pooled, and the quinic acid was 
separated from the other acids by elution 
from the column of Dowex 1 with 1N 
acetic acid, as has been previously de- 
scribed (8). The quinic acid occurred 
in fractions 32 to 44, immediately pre- 
ceding glyceric acid. It was isolated from 
these fractions essentially as described by 
Anet and Reynolds (3), except that the 
residue after the initial evaporation was 
dissolved in water and dried in a vacuum 
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Reports 


to remove the last traces of acetic acid, 
and the final crystallization from water 
was omitted. 

The acid isolated from tobacco leaves 
exhibited the same chromatographic be- 
havior on ion-exchange columns and on 
filter paper as authentic /-quinic acid. It 
is eluted just ahead of glyceric and gly- 
colic acids from Dowex 1 columns in the 
acetate form (5) and has an R» of 0.30 
in an ether-formic acid-water solvent 
system (5) and an Rp» of 0.48 in pro- 
panol-ammonia-water (60/30/10) (9). 

The melting point (165° to 166°C), 
specific rotation ([a}2? =— 42.5°; con- 
centration, 0.8 g/100 ml), and infrared 
spectra were identical with those of au- 
thentic /-quinic acid. A mixture showed 
no depression of the melting point. The 
isolated sample turned brown just before 
melting, presumably because of a slight 
contamination with impurities from the 
resin. 

This specimen of quinic acid was iso- 
lated from tobacco leaf samples which 
had been dried at 80°C for 3 hours. 
Chlorogenic .acid (a depside between 
quinic and caffeic acids) is present in to- 
bacco leaves, and drying of the leaves 
results in extensive losses of this acid 
(10, 11). Thus, it was possible that all 
or part of the quinic acid present was a 
product of the decomposition of chloro- 
genic acid. As a test of this point, three 
identical samples of green leaves were 
extracted by different techniques, and 
the chlorogenic and quinic acid contents 
were compared, One sample was air- 
dried at 80°C and extracted with hot 
water, the second was plunged immedi- 
ately after picking into boiling water, 
and the third was plunged into boiling 
80 percent ethanol. The latter two tech- 
niques have been shown to prevent the 
loss of chlorogenic acid (/1). The leaf 
material was held at the boiling point for 
several minutes, was cooled, and was 
homogenized in order to extract the 
acids. 

The quinic acid in the extracts was 
determined by ion-exchange chromatog- 
raphy on Dowex 1 columns in the ace- 
tate form (5). The fractions containing 
the quinic acid were taken to dryness at 
50°C while air was blown on the surface 
(5), water was added to the residue, and 
the mixture was again dried before titra- 


tion with dilute alkali, Yields in excess 
of 100 percent are obtained if this second 
drying step is omitted. Chlorogenic acid 
was estimated by measurement of the 
optical density of the appropriately di- 
luted solutions at 324 mp (12). 

All three samples contained approxi- 
mately the same quantity of quinic acid, 
despite the fact that an 80-percent loss 
of chlorogenic acid occurred in the air- 
dried sample. In fact, the quinic acid 
content of oven-dried samples is usually 
less than that of comparable samples ex- 
tracted directly by boiling solvents. Paper 
chromatography of the extracts (//) re- 
vealed a single, rather ill-defined spot 
whose Ry was identical with that of au- 
thentic chlorogenic acid. The relative in- 
tensities of the spots provided qualitative 
confirmation of the spectroscopic results. 

These data provide proof of the occur- 
rence of /-quinic acid in the green tobacco 
leaf. For reasons that are not known, the 
quantity present varies widely from sam- 
ple to sample, ranging from a trace to as 
much as 3.5 percent of the dry weight. 
The chlorogenic acid content of tobacco 
also fluctuates over a wide range (11). 

The metabolic role of quinic acid is 
not known. Oxidation yields citric and 
malonic acids, and one possible pathway 
for utilization could be by way of citric 
acid (1). Quinic acid could also serve as 
an intermediate in aromatic biosynthesis 
(13), or it could react with caffeic acid 
to form chlorogenic acid. 

A few preliminary experiments have 
been carried out in an attempt to define 
this role. When leaf disks were floated 
on 0.2M quinic acid solutions at pH 3.5 
or 5 for 24 hours in the dark, they took up 
the acid readily, and about 25 percent of 
the uptake was utilized during this period. 
There was no evidence of a direct con- 
version to citric acid, but there was an 
apparent increase in chlorogenic acid of 
20 percent at pH 5 and of 37 percent at 
pH 3.5. However, these figures were ob- 
tained from the increase in optical dens- 
ity at. 324 mp, and recent work (/1) has 
reemphasized the necessity for caution 
in interpreting such spectroscopic data. 
Further studies await the development of 
more reliable techniques for the assay of 
chlorogenic acid and related compounds. 

James K. PALMER* 
Department of Biochemistry, 
Connecticut Agricultural Experiment 
Station, New Haven 
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Physiological Response to 
Air Exposure in Codfish 


When diving mammals and birds sub- 
merge they exhibit a series of charac- 
teristic phenomena. The heart rate slows 
down. Lactic acid accumulates in the 
muscles, but only a very little leaks out 
into the circulation, because blood flow 
through the muscles is strongly de- 
pressed. This part of the picture is vir- 
tually the same whether the animal. is 
quiet or active during the dive. In the 
recovery after the dive, circulation jn- 
creases, and the lactic acid from the 
muscles pours into the blood. These and 
other adjustments are strikingly devel- 
oped in many diving mammals and birds 
and have been found, in a more'‘or 
less pronounced degree, in every warm- 
blooded animal where such investiga- 
tions have been made. Man also fre- 
quently develops a pronounced brady- 
cardia during diving, even while swim- 
ming vigorously (/). 

Unpublished experiments performed 
at Woods Hole, Mass., several years ago 
indicated that similar mechanisms oper- 
ate in dogfish (Squalus) when they are 
taken out of water, and these obsetva- 
tions led to the present investigation (2) 
on codfish (Gadus callarias) at the Bio- 
logical Station at Dr@ébak, Norway. 

Heart rate and lactic acid in blood 
and muscles were determined (i) when 
the fish were resting quietly in the water, 
(ii) when they were taken out of water 
and left struggling in air for 4 minutes, 
and (iii) when they were placed back 
in water for recovery. Heart rates were 
taken on the same fish throughout the 
sequence, but lactic acid samples were, 
in all cases, taken from different fishes 
and give therefore a statistical picture 
of the sequence. Heart rates were ob- 
tained by means of an electrocardio- 
graph. Blood or muscle samples for lac- 


13 SEPTEMBER 1957 





tic acid determinations were taken im- 
mediately after removing the fish from 


' the water and were analyzed colorimet- 


rically (3). 

When the fish was taken out of water 
the heart rate dropped within a few sec- 
onds to half or less of normal (Fig. 1), 
and this bradycardia persisted even 
through violent muscular activity. When 
the fish was put back in water the nor- 
mal pulse rate was rapidly restored. 

In the muscles the lactic acid rose to 
a maximum during the air exposure and 
fell as soon as the fish was put back into 
the water. In contrast, the blood lactic 
acid remained low during the air ex- 
posure but rose in the recovery period 
and reached a maximum after some 5 to 
15 minutes. As recovery proceeded, the 
lactic acid in blood and muscles slowly 
dropped back to normal (Fig. 1). 

These events, produced by taking the 
fish out of water, are strikingly similar 
to those found when mammals and birds 
are submerged, and they very probably 
indicate the same sort of protective 
mechanisms against asphyxia—namely, a 
circulatory bypass of the muscles, which 
are thereby left isolated to operate on 
their own anaerobic resources. The 
bradycardia is very probably a direct 
consequence of the restricted peripheral 
blood flow, for at least in some diving 
mammals, the main arterial blood pres- 
sure does not drop during the brady- 
cardia, which suggests that normal blood 
flow may be maintained in organs less 
capable of anaerobic functions than the 
muscles. The similarity of this mechan- 
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Fig. 1. Electrocardiograph tracings, heart 
rate, and content of lactic acid in muscles 
and blood of the codfish. The fish was 
taken out of water for 4 minutes. At ar- 
row, hand was placed around submerged 
animal. 





ism to those present in diving mammals 
goes even further, inasmuch as brady- 
cardia in the fish can be induced, just 
as in a Seal, simply by frightening the 
animal. This “diving reflex” might seem 
to be an excellent idea for a flying fish, 
but how it could ever benefit a codfish 
is an evolutionary puzzle. 
H. Letvestap 
H. ANDERSEN 
P. F. ScHOLANDER 
Institute of Zoophysiology, 
University of Oslo, Norway 
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Irregular Maintenance 
Schedules and Drive 


In animal experimentation the hunger 
drive is usually defined in terms of hours 
of food deprivation. Attention is rarely 
paid to the animal’s prior history of dep- 
rivation. The deprivation history of an 
appetitive drive is controlled by means of 
a maintenance schedule—that is, the 
schedule of eating and deprivation inter- 
vals to which the animal is subjected 
over a period of time. If maintenance 
schedules affect subsequent behavior, 
then any variation from laboratory to 
laboratory may account for discrepant 
experimental findings. 

Although it is known that irregular 
reinforcement profoundly affects animal 
behavior and is also a prominent feature 
of learning conditions outside the labo- 
ratory, almost nothing is known about 
the effects of irregular maintenance 
schedules. The present set of experi- 
ments represents a first attempt to study 
the effects of irregular food maintenance 
schedules on learning in the albino rat 
(1). It is expected that irregular sched- 
ules would elevate the drive effect of 
the deprivation interval used at time of 
testing. 

In experiment 1, two groups of 70- 
day-old rats were placed on the follow- 
ing food maintenance schedules: a regu- 
lar (R) group (N =5) received 12 g of 
mash every 12 hours, and an irregular 
(I) group (N=6) averaged the same 
amount of daily food intake but experi- 








Table 1. Results of experiments 1 and 2. All p values refer to the significance of differ- 


ences between group means based on t-tests; n.s. means not significant. 




















Expt. 1 Expt. 2 
I R group I group R group I group 
_— (N=5) (N=6) P (N = 10) (N = 10) b 
Mean S.D. Mean S.D. Mean S.D. Mean S.D. 
Acquisition 

Trials 
Original task. ~ 20.00 9.4 13.5 4.1 ns. 19:1 13:9, 22.50 428. us, 
Reversal task 16,0... 6.9) 21.7...:9.3 0.006 13.5 Vil, SUEG:,. 92. HOT 


Errors 


Original task 2ae 2h S) an | LT n.s. 28.5 26.8 33.1 : N.S. « 
Reversal task 20.0 9.3 29.8 15.1 0.002 14.8 9.9 23.7 16.7 0.14 
Disruption 

Vicarious trials 
and errors 49 4.1 ie 12; 0:08 74 68.) Ba) 33.085 
Repeated errors FeO Out idee OLS 4.4 3.4 25 1.3 000 
S35; 2ae 131.3 39.4 59.7 0.07 


Latency 66.0 4 





enced deprivation intervals varying from 
12 to 48 hours. These schedules were 
maintained throughout the course of the 
experiment. 

After 18 days the animals were intro- 
duced into a four-unit successive T-maze 
and trained to run a single alternation 
pattern (left-right-left-right). They were 
given five trials per night. Nights of run- 
ning were spaced 48 hours apart, with 
a 72-hour interval every 6 days. This 
procedure gave the J group one 48-hour 
deprivation interval every 6 days, while 
at the same time enabling them to catch 
up with the R group on food intake and 
weight by the next night of running. All 
animals were run 12 hours deprived. 

The R group received 12 g of mash 12 
hours before running. The J group re- 
ceived from 12 to 18 g at this time. The 
exact amount was dependent on how 
much they had been deprived in the 
previous 48 hours, but it averaged 22 g. 
Care was taken to see that the weights 
of this group equaled or exceeded those 
of the R group at all times of running. 
In terms of food intake, the J group al- 


18.7 0.02 


109.8 





ways received at least 12 g of mash more 
than the R group in the 24 hours pre- 
ceding running. Therefore, on the basis 
of amount of food deprivation alone, at 
the time of measurement, the J group 
should be operating at a lower drive 
level than the R group. 

When the animals reached a criterion 
of 95-percent correct choices on one 
night, the pattern was reversed to the 
mirror image, and they were required to 
learn this new pattern. 

In experiment 2, all animals were 
given 50 overlearning trials before re- 
versal. The R group (N =10) was main- 
tained as in experiment 1, but the J 
group (N=10) had a slightly different 
schedule. Deprivation intervals ranged 
from 3 to 30 hours, and amount of mash 
per feeding varied from 4 to 22 g. By 
this procedure, not only did the J group 
receive the same average amount of food 
as the R group, but it also received the 
same number of feedings. Again, weights 
were comparable, the J mean slightly 
exceeding that of the R group. Measure- 
ments taken in activity wheels just be- 


Table 2. Comparison of the effects of drive levels and maintenance schedules. The abbre- 


viation n.s. means not significant. 





Rvs. I 


LD vs. HD* 
Item TOE EAE pS 
Expt. 1 Expt. 2 Expt. 1 Expt. 2 
Acquisition 
Trials 
Original task n.s. n.s. n.s. n.s. 
Reversal task n.s. n.s. R< J R<4 
Errors 
Original task n.s. n.s. n.s. n.s. 
Reversal task n.s. LD<HD ae f n.s. 
Disruption 
Vicarious trials and errors LD > HD LD > HD R>I R>I 
Repeated errors n.s, LD > HD n.s. R>I 
Latency LD>HD LD>HD R> £ R>I 





* Data from 3. All comparisons from this study are significant at the 0.05 level or better. 
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fore feeding showed no differences be- 
tween the two groups (2). 

It was expected that the J groups in 
both experiments would show behavior 
similar to that of animals tested under 
high-drive conditions. For purposes of 
such a comparison, previous data were 
available which compare 12-hour- and 
36-hour-deprived animals (low- and 
high-drive groups) in two parallel ex- 
perimental situations (3). Our R groups 
are equivalent to the previous 12-hour 
groups, while the J groups should show 
behavior more similar to that of the 
previous 36-hour groups. 

Three dependent variables were uti- 
lized in the two studies: acquisition of 
original learning and of reversal learn- 
ing and amount of response disruption 
occurring during the first trial of rever- 
sal. Table 1 summarizes the. results of 
the present experiments. Table 2 com- 
pares differences between the R and the 
I groups with the differences obtained 
with the 12-hour and 36-hour groups. It 
can be seen from Table | that in the ac- 
quisition of the original task, the differ- 
ences are not significant and are in op- 
posite directions for the two experi- 
ments, During reversal learning, with 
analysis of covariance used as the con- 
trol for original learning, the R groups 
showed faster acquisition than did the 
I groups in both experiments. Response 
disruption on the first trial of reversal 
was analyzed by means of three meas- 
ures: number of vicarious trials and 
errors, number of repeated errors, and 
latency of the first correct response. The 
R groups made higher scores (showed 
more disruption) on all three measures 
than did the J groups, although only the 
vicarious trial and error and _ latency 
measures reach statistical significance. 

From Table 2 it can be seen that the 
present results show some correspond- 
ence with the high- versus low-drive 
(HD and LD) experiments on errors 
during reversal learning and consistent 
correspondence on the various measures 
of response disruption. There was a lack 
of any agreement on acquisition of the 
original task. Thirty-six-hour-deprived 
animals consistently learned the original 
task slightly faster than did the 12-hour 
animals, whereas this was not the case 
with the J and R groups. One -addi- 
tional difference was noted. The 36-hour 
groups showed faster mean running 
speeds than did the 12-hour groups, 
whereas in the present study no con- 
sistent differences were found. In gen- 
eral, whenever significant differences 
were found between high-drive and low- 
drive animals, they were: paralleled by 
corresponding differences between _ ir- 
regular and regular animals. Thus, ir- 
regularly deprived animals..show more 
characteristics of animals in a high-drive 
state than do regularly deprived animals. 
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It is suggested that when drive level 
is defined in terms of hours of depriva- 
tion, the animals’ prior history of main- 
tenance schedules must be taken into ac- 
count. Experiments on the effects of dep- 
rivation experiences occurring in in- 
fancy are now in progress. 

Jean Matter MANDLER 
Department of Social Relations, 
Harvard University, Cambridge, 
Massachusetts 
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Release of 5-Hydroxytryptamine by 
Benzoquinolizine Derivatives 
with Sedative Action 


Previous investigations have shown 
that reserpine causes release of 5-hy- 
droxytryptamine (5-HT) from various 
body depots (brain, intestine, and blood 
platelets). After a single injection of a 
large dose of reserpine, the 5-HT con- 
tent of these organs decreased to values 
between one-fifth and one-tenth of the 
normal levels and remained low for sev- 
eral days. Among the Rauwolfia alka- 
loids, only those with tranquilizing action 
showed this effect. A series of centrally 
acting drugs belonging to other chemical 
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Fig. 1. Effect of compound I and reserpine 
on the 5-hydroxytryptamine (5-HT) con- 
tent of brain. The drugs were given at 
zerostime. .-Broken curve, intraperitoneal 
injection of 40 mg/kg of compound I to 
mice; each point represents the 5-HT con- 
centration of five pooled brains. Solid 
curve, intravenous injection of 40 mg/kg 
of compound I to rabbits; each point rep- 
resents the 5-HT concentration of one 
whole brain. Dotted curve,. intravenous 
injection of 5 mg/kg of reserpine to rab- 
bits (3). 
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groups did not influence the 5-HT con- 
tent of the brain (/). 

It has now been found that, besides 
reserpine, various synthetic derivatives 
of 1,2,3,4,6,7-hexahydrobenzo[a|quinoli- 
zines (2) also release 5-HT. In mice 
and rabbits, these compounds produce 
sedation without hypnosis. Among the 
derivatives examined, compound I (2- 
oxo-3-isobutyl-9,10-dimethoxy-1, 2,3, 4,6, 
7-hexahydro- 1 1bH - benzo{a]quinolizine ) 


CH:O 


7 
CH:O f CH; 


showed the most marked sedative and 
5-HT-releasing activity (Fig. 1). 

After injection of 40 mg of compound 
I per kilogram, there was an immediate 
decrease of the brain 5-HT, measured 
fluorimetrically (3), the minimum value 
being reached within half an hour. As 
the dose was reduced, the 5-HT decline 
became gradually smaller, but was still 
evident with as little as 5 mg of com- 
pound I per kilogram. The absolute de- 
crease in 5-HT per gram of tissue was 
greater in the brain stem than it was in 
the rest. of the brain. During a 4-hour 
period after injection of 40 mg/kg in 
rabbits, the colorimetrically determined 
excretion of 5-hydroxyindoleacetic acid 
(4), a major metabolite of 5-HT, showed 
an average significant increase of 200 
percent as compared with a similar con- 
trol period before injection (p < 0.01). 
In rabbits, pretreatment with isopropyl 
isonicotinic acid hydrazide had the same 
influence on the effect of compound I as 
on that of reserpine (5): compound I no 
longer caused sedation, but excitation, 
mydriasis, and piloerection; the brain 
5-HT showed only a very slight decline. 

In addition to these similarities be- 
tween the action of compound I and re- 
serpine on the brain 5-HT, there were, 
however, some differences. (i) To reach 
maximum depression of 5-HT in the 
brain, mice required 4 times and rab- 
bits 10 times as much compound I as 
was required of reserpine. In mice, the 
LD,, of compound I was about 10 times 
higher than the LD,, of reserpine. (ii) 
After administration of reserpine, the 
5-HT in the brain decreased to a mini- 
mum of 10 percent, whereas after ad- 
ministration of compound I, the 5-HT 
concentration was never less than 25 to 
35 percent of the original value. Even 
with doses exceeding 40 mg of com- 
pound I per kilogram, no greater de- 
crease of 5-HT could be produced. (iii) 





Within 10 to 24 hours after injection of 
compound I, the 5-HT content of the 
brain had returned to normal values, 
whereas, after administration of reser- 
pine, complete 5-HT recovery took sev- 
eral days. The sedative action of com- 
pound I lasted 4 to 8 hours, that of 
reserpine | to 3 days. 

The benzo-quinolizine derivatives are 
thus a second group of substances which, 
like the centrally acting Rauwolfia alka- 
loids, cause both sedation and 5-HT de- 
pression in the brain. Closer investiga- 
tions with these compounds may lead to 
further explanation of the role of 5-HT 
in brain function and in the central ac- 
tion of certain drugs. 

A, PLETSCHER 
Medical Research Department, 
F. Hoffmann-La Roche and Company, 
Basel, Switzerland 
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Nature of the Glucuronide in 
Direct-Reacting Bilirubin 


Evidence from several laboratories 
(1-3) has established that direct-react- 
ing bilirubin is a diglucuronide. Billing, 
Coie, and Lathe (/) have suggested that 
bilirubin may be conjugated with glu- 
curonic acid through its carboxyl groups, 
since the glucuronide is readily hydro- 
lyzed by dilute alkali. Schmid (3) has 
assumed that the glucuronidic linkages 
occur with the a,a’-hydroxy groups of 
bilirubin. 

Carboxyl (acyl) glucuronides can be 
differentiated from other glucuronides by 
the capacity of the former to react with 
hydroxylamine to yield hydroxamic acids 
and glucuronic acid (4). Treatment of 
bilirubin diglucuronide with hydroxyl- 
amine, therefore, provides a means of de- 
termining the nature of the glucuronidic 
bonds (35). 

Urines obtained from three patients 
with obstructive jaundice were the source 
of the direct-reacting bilirubin (3). In 
each instance, treatment of an aliquot of 
the urine with hydroxylamine (pH 7, 
room temperature, 30 minutes) resulted 
in the formation of an appreciable quan- 
tity of hydroxamate. When the urine 
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samples were treated with 0.2N NaOH 
for 10 minutes at room temperature, the 
direct-reacting bilirubin was converted 
to indirect-reacting bilirubin, and the ca- 
pacity to form hydroxamate was lost. 
The data presented in Table 1 show a 
fairly constant proportionality between 
the decrease in hydroxamate formation 
and the amount of direct-reacting bili- 
rubin converted to the indirect-reacting 
form. 

The direct-reacting bilirubin in urine 
was converted to the stable azopigment 
B (3) by coupling with diazotized sul- 
fanilic acid. The product was extracted 
with n-butanol, purified by ascending 
chromatography on washed Whatman 
No. 3 paper, with water-saturated n-bu- 
tanol, acetic acid (4/1) as the solvent, 
and eluted with absolute methanol. Azo- 
pigment B can be converted to azopig- 
ment A, with the liberation of glucuronic 
acid, either by dilute alkali (0.2N 
NaOH, 10 minutes, room temperature), 
by acid (1N H,SO,, 80 minutes, 100°C), 
or by the action of bacterial B-glucuron- 
idase (Sigma, 20 mg/ml, pH 6, 38°C, 
18 hours) (1, 3). With ascending chro- 
matography on Whatman No. 1 paper 
and with water-saturated n-butanol, 
acetic acid (4/1) as the solvent, azo-pig- 
ments B and A migrate with R, values 
of 0.36 and 0.55, respectively. 

Treatment of azopigment B with an 
excess of hydroxylamine (pH 7, room 
temperature, 30 minutes) yields a new 
pigment, which migrates as a single spot 
with an R, value of 0.44. This product, 
assumed to be the hydroxamate of azo- 
pigment A, has an absorption spectrum 
at pH 6.0 identical with that of azopig- 
ment B between 330 and 600 mn, with 
maximal absorption at 525 mu. In con- 
trast to azopigment B, the hydroxamate 
is free of hexuronic acid, estimated by 
the carbazole method (6), and is un- 
changed by dilute alkali or bacterial 
B-glucuronidase, as judged by paper 
chromatography. However, on treatment 
with 1N H,SO, for 80 minutes at 100°C, 
the hydroxamate is converted to a pig- 


Table 1. Effects of mild alkaline hydroly- 
sis on the van den Bergh reaction and on 
hydroxamate formation in the urine of 
patients with obstructive jaundice. The 
van den Bergh reaction was performed 
according to the method of Malloy and 
Evelyn (7), and hydroxamate was esti- 
mated as has been previously described 


(4) ; both are expressed in units of optical 
density. 





A van den Bergh 








Patient A Hydrox- 
Direct Indirect amate 
D - 190 +150 — 084 
S - 616 + 464 — 226 
N - 920 +696 — 367 





ment with an R, value identical to that 
of azopigment A. 

These observations indicate that bili- 
rubin diglucuronide, and the azopigment 
B derived from it, react with hydroxyl- 
amine to form the corresponding hydrox- 
amic acids. This reaction, specific for 
acyl glucuronides, provides direct con- 
firmation that bilirubin is conjugated 
with glucuronic acid through its car- 
boxyl groups. 

Davin SCHACHTER 
Department of Medicine, 
College of Physicians and Surgeons, 
Columbia University, 
Presbyterian Hospital, New York 
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Absence of Chitin in Epicuticle 
of Some Indian Scorpions 


Epicuticle of arthropods is defined by 
Richards (J) as a characteristically non- 
chitinous layer. Krishnan, Ramachan- 
dran, and Santanam (2), on the other 
hand, demonstrated the presence of chi- 
tin in the epicuticle of a scorpion Pa- 
lamneus swammerdami (3). It was 
therefore decided to test the epicuticle of 
other scorpions for chitin. 

The scorpions Palamnaeus bengalen- 
sis and Buthus tamulus gangeticus, com- 
monly found at Lucknow, were used for 
the study. When pieces of cleaned cu- 
ticle of freshly killed scorpions were sub- 
jected to the chitosan test, the epicuticle 
gave a negative reaction for chitin. Some 
pieces of cuticle which had been previ- 
ously treated with alkali during the chi- 
tosan test were placed in 3 percent acetic 
acid overnight, but the epicuticle did not 
show dissolution, This would suggest 
further that the epicuticle is nonchitin- 
ous. ‘ 

Krishnan et al. (2) had suggested that 
the epicuticle of P. swammerdami, unless 
previously treated with chlorated nitric 
acid, would not respond to the chitosan 
test. Even repetition of Krishnan’s 
method in the cuticle of P. bengalensis 
and B. tamulus gangeticus did not give, 
with 1 percent sulfuric acid, any violet 
coloration characteristic of chitosan in 
the epicuticle. This would indicate that 
chitin is absent from the epicuticle of 
the scorpions P. bengalensis and B. ta- 
mulus gangeticus. 

X-ray diffraction studies were also car- 








ried out in order to detect the presence, 
if any, of chitin in the epicuticle of these 
scorpions. Pieces of cuticle of the two 
scorpions under experiment were treated 
with several changes of cold, freshly pre- 
pared concentrated chlorated nitric acid 
till the epicuticle was completely freed 
of the underlying exocuticular material. 
Pieces of epicuticle thus obtained were 
thoroughly washed in running water and 
then in distilled water. For the x-ray dif- 
fraction experiment, 12 pieces were 
mounted, one over the other, on a small 
hole on a glass slide and left in a desic- 
cator overnight. The pieces of epicuticle 
stuck together and to the slide during 
the drying process; after this the x-ray 
diffraction photographs were taken. Cu- 
K-alpha radiations were used, and the 
object was kept perpendicular to the 
beam and at a distance of 5 cm from the 
photographic plate. 

Figures 1 and 2 show the diffraction 
patterns of the epicuticle of P. bengalen- 
sis and B, tamulus gangeticus, respec- 
tively. Prominent d-spacings in the epi- 
cuticle of P. bengalensis and B. tamulus 
gangeticus occur at 5.302 A and 3.901 A 
(faint) and at 3.007 A, 3.941 A, and 
5.219 A, respectively. 

Krishnan et al. (2) have suggested the 
presence of chitin in the epicuticle of 
P. swammerdami on a comparison of the 
d-spacings 3.37 A, 4.1 A, and 9.1 A ob- 
tained in the epicuticle after removal of 
the outer paraffin layer present in their 
scorpion, and of the d-spacings 2.22 A, 
2.44 A, 3.7 A, and 4.14 A obtained in the 
entire epicuticle, with the d-spacings 3.3 
A, 4.55 A, 5.0 A, and 9.9 A obtained in 
the purified chitin of P. swammerdami. 
The d-spacings obtained in the epicuticle 
of the scorpions P. bengalensis and B. 
tamulus gangeticus are different from all 
the d-spacings obtained by. Krishnan in 
P. swammerdami. Furthermore, _ the 
d-spacings of the epicuticle of P. bengal- 
ensis and B. tamulus gangeticus do not 
tally with the d-spacings of chitin from 
other arthropods. 





Fig. 1. X-ray diffraction photograph of 
the epicuticle of P. bengalensis. 
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Fig. 2. X-ray diffraction photograph of 
the epicuticle of B. tamulus gangeticus. 


It is evident that the epicuticle of the 
scorpions P, bengalensis and B. tamulus 
gangeticus is nonchitinous. 

M. B. Lat 
S. C. SHRIVASTAVA 
Zoological Laboratory, 
University of Lucknow, India 
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Withdrawal of Positive 
Reinforcement as Punishment 


Many experiments have shown that 
an organism’s behavior can be main- 
tained by the use of positive reinforce- 
ment (reward). At the same time, the 
withdrawal of the situation in which the 
reinforcement occurs has been described 
as an aversive event (1) and is called a 
“time out.” This experiment (2) shows 
some of the aversive properties of a time 
out from positive reinforcement in chim- 
panzees. The procedure here is very 
similar to one used by Azrin in which 
electric shock is the aversive event and 
pigeons are the subjects (3). In such 
cases, light or sound (pre-aversive stim- 
ulus) preceding the aversive event dis- 
rupts the animals’ usual performance. 

In this experiment the aversive event 
(time out from positive reinforcement) 
was established as follows. The chim- 
panzees pressed a telephone key, which 
occasionaly produced food. An over- 
head light in the experimental chamber 
was periodically turned off, and at the 
same time the food magazine was dis- 
connected from the key. The animals 
soon stopped pressing the key in the ab- 
sence of the overhead light. Thereafter, 
the experiment could be interrupted con- 
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veniently for any period of time by turn- 
ing off the overhead light. 

A red lamp, called the pre-time-out 
or pre-aversive stimulus, was then in- 
stalled next to the key. The light ap- 
peared every 15 minutes for 160 to 180 
seconds, depending on the animals’ per- 
formance. If an animal pressed the key 
during the last 20 seconds of the pre- 
time-out period, a 60-minute time out 
followed; but if it did not press the key 
during the final 20 seconds, the red light 
terminated, and no time out could occur 
until 15 minutes later, when the pre- 
time-out stimulus reappeared. 

Key presses were reinforced on a vari- 
able-interval schedule in which the first 
key press after varying periods of time 
was reinforced. The mean interval be- 
tween reinforcements was 6 minutes, 
with a range between zero (successive 
responses) and 12 minutes. 

Figure 1 contains an entire daily 
record, 6 hours long, representing the 
stable performance after several hun- 
dreds of hours of exposure to the experi- 
mental procedure. Responses are cumu- 
lated against time, and the diagonal 
strokes on the curve indicate the start 
and end of the pre-time-out stimulus. 
The performance was recorded continu- 
ously; however, to facilitate inspection 
of the performance during the pre-time- 
out stimulus, the curve was broken into 
15-minute segments with the pre-time- 
out period in the middle. The grid in 
the lower right part of the figure gives 
the coordinates, the scale of the record, 
and several reference slopes in responses 
per second. The reinforcements are not 
shown on the curve. 

The resulting performance with the 
time out as the aversive event closely 
parallels the data reported by Azrin. 
The aversive properties of the time out 
appeared as suppression of the key- 
pressing during the pre-time-out stimu- 
lus. The degree of suppression ranged 
from the performance in the fourth seg- 
ment of the second column, where sup- 
pression is complete, to the performance 
in the preceding segment, where the 
chimpanzee stops pressing the key only 
during the last 35 seconds. In most cases 
the chimpanzees pressed the key during 
the early part of the pre-time-out stimu- 
lus at the rate of responding that gen- 
erally prevailed elsewhere, but they 
stopped abruptly some time before the 
final 20 seconds, when a response would 
produce a time out. Time outs occurred 
in approximately 3 percent of the pre- 
time-out stimuli. In the session repre- 
sented in Fig. 1 a time out occurred at 
the arrow. 

The suppression of the base-line be- 
havior by the stimulus preceding the 
time out from the variable-interval 
schedule of reinforcement establishes the 


Fig. 1. Complete daily session showing 
suppression of key-pressing during the pre- 
time-out stimulus. 


time out as an aversive event having 
properties similar to those of electric 
shock. The time out as an aversive event 
can be extrapolated to most aversive 
control in human behavior, where noxi- 
ous stimuli such as corporal punishment 
or electric shock are rarely used. On the 
other hand, positive reinforcement is 
frequently discontinued, as in fines, dis- 
approval, or incarceration. The impor- 
tant feature in such types of control is 
that an individual is punished by the 
withdrawal of the reinforcements for 
significant segments of his behavioral 
repertoire. Such withdrawal is similar to 
the time out of the present experiment. 
C. B. Ferster* 
Yerkes Laboratory of Primate 
Biology, Orange Park, Florida 
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Gamma G!obulin Factors 
Protective against Infections from 
Pseudomonas and Other Organisms 


In mice rendered susceptible to 
Pseudomonas aeruginosa infections by 
pretreatment with cortisone or by ex- 
tensive thermal trauma, human gamma 
globulin (GG) administered after the 
infection was shown to be highly active 
in preventing death (1). The nature of 
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this protective action has not been clari- 
fied, although evidence was presented 
suggesting that the properdin system was 
not responsible (1). 

The present report (2) demonstrates 
the protective action of gamma globulin 
against a variety of other organisms, 
Gram-positive as well as Gram-negative; 
furthermore, an assay of plasma, based 
on protection of mice against Ps. aerugi- 
nosa, is described, and the titers in some 
laboratory animals are reported. 

In this ‘study, the organisms were in- 
jected intraperitoneally, suspended in 0.4 
to 0.5 ml of mucin, as a means of en- 
hancing the infection (3). Mucin obvi- 
ated the use of cortisone and produced 
infections that were more rapidly fatal 


Table 1. Protective action of human 
gamma globulin against various infections 
in mice. Centrifuged organisms suspended 
in 0.9 percent NaCl to optical density of 
0.45 to 0.50 at 650 mu, before dilution in 
5 percent gastric mucin (hog) ; 0.4 to 0.5 
ml of suspension inoculated intraperitone- 
ally; 0.1 ml (16 mg) of gamma globulin 
given intraperitoneally 3 to 4 hours before 
inoculation. 





Organ- No.of 72-hr mortality 
Organism, ism mice (%) 
type or diln. in — - a 
strain in each Un- GG- 
mucin group treated treated 
Ps. aeruginosa 
Strain 180 10° 30 90 13 
5 x 108 20 95 20+ 
5 x 10% 10 95 40t 
Strain 181 103 10 90 40 
Parker 10-8 id 90 10 
G-140 10° 10 90 40 
E. coli 
Rowley 
0111:B4:H12 105 20 95 100 
10 10 100 90 
Stokes 0111:B4 10% 20 60 60 
08:K42(A) 102 10 90 90 
108 20 95 65 
09:K29(A) 102 10 100 70 
6641(L) 2x 107 10 80 30 
ATCC 9637 1021 10 80 0 
02:K1(L) 10-5 10 100 100 
010 K5(L) 108 10 100 100 
10+ 10 80 90 
106 10 90 70 
Proteus 
mirabilis 105 10 100 10 
mirabilis, Kf20 10% 10 100 0 
vulgaris, K{56 103 10 40 60 
morgani, C90 1041 10 70 50 
rettgeri, 1165 101 10 80 50 
Klebsiella 
Kl. pneumoniae 
K-2 10-2 10 80 100 
Bact. aerogenes 
K-10 10-2 16 70 0 
Bact. aerogenes 
1033 102 10 70 0 
Bact. aerogenes 
8329 (ATCC) 10+ 10 90 20 
St. aureus* 
Wood, ATCC 
10832 1041 20 100 20 
Georgio 10-4 10 100 30 
713 A 10-4 10 100 20 
Smith 105 20 100 5 
105 10 90 OF 





* Cultures diluted in mucin without centrifugation. 
+ Gamma globulin given intravenously immediately 
after inoculation. 

¢ Gamma Globulin given intramuscularly 5 hours 
before inoculation. 
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(12 to 36 hours). Results with this pro- 
cedure were found to be more repro- 
ducible, particularly in the assay of titer 
of plasma preparations by mouse pro- 
tection tests, described in the following 
paragraph. From one to ten lethal doses 
of organisms were used, and the gamma 
globulin or plasma was administered in- 
traperitoneally, 3 to 4 hours prior to the 
infection, unless otherwise stated. Prepa- 
ration of the organisms was similar to 
that previously described (/). 

Protection with human gamma globu- 
lin was demonstrated against several 
strains of Ps. aeruginosa, Escherichia 
coli, Proteus, Klebsiella, and Staphylo- 
coccus aureus (Table 1). Marked pro- 
tection was found against four strains of 
Micrococcus pyogenes var. aureus, with 
gamma globulin given intraperitoneally 
24 or 4 hours before the infection or in- 
travenously shortly after the infection. 
Similar protection was shown against 
Ps. aeruginosa, except that less effect 
was present with gamma globulin ad- 
ministered intraveneously, post infec- 
tion; however, good protection was ob- 
tained under these conditions with a 
smaller inoculum. Activity against E. 
coli was weak, with the exception of 
two strains of low mouse virulence. Pro- 
tection was shown against three strains 
of Bacterium aerogenes but not against 
one strain of Klebsiella pneumoniae. 
Further work is required to determine 
the relation of protective titer to patho- 
genicity or antigenic types of bacteria. 
Since human gamma globulin prepared 
for the American Red Cross represents 
samples pooled from 20,000 individuals, 
the activity may be taken as representing 
the mean of large sectors of the popu- 
lation. 

The assay of protective titer of the 
plasma of laboratory animals was simi- 
lar to the experiments just described; 
protective action of citrated plasma was 
tested in mice inoculated intraperi- 
toneally with Ps. aeruginosa, strain 180, 
in mucin. To increase the sensitivity of 
the assay system, advantage was taken 
of the synergistic effect obtained when 
certain antibiotics are combined with 
gamma globulin or plasma (4). Thus, 
a single dose of oxytetracycline (8 to 10 
mg/kg) given subcutaneously, immedi- 
ately after the infection, was essentially 
without effect when given alone, but it 
enhanced the activity of gamma globulin 
or plasma several-fold. The use of anti- 
biotics was advantageous with plasma of 
low titer, such as in the mouse, and it 
was employed routinely in all cases, so 
that comparative data for the various 
animals could be obtained. 

The results (Table 2) indicate an 
order of potency of plasma from adult 
animals as follows: human being, dog, 
rat, rabbit, guinea pig, and mouse. These 


values must be accepted as only tenta- 
tive, since the titer may be influenced by 
the strain, age, and past history of the 
animal; preliminary experiments indi- 
cate weaker titers in young animals. 
With the use of oxytetracycline, the 
potentiation of human plasma appears 
greater than that of human gamma 
globulin, although simultaneous com- 


Table 2. Protective action of plasma of 
various laboratory animals against Pseu- 
domonas infection in mice when combined 
with antibiotic therapy. Gamma globulin 
or plasma given intraperitoneally 3 to 4 
hours before inoculation; oxytetracycline, 
subcutaneously, immediately after inocu- 
lation. Human plasma was a lyophilized 
preparation of commercial manufacture. 
Ps. aeruginosa, 10° dilution of organisms 
in mucin; 0.4 ml intraperitoneally. Since 
all plasmas were collected in citrate solu- 
tion, a 30-percent dilution factor should 
be applied, except for the lyophilized hu- 
man plasma. 








72-hr 
No. of mor- 
Therapy mice tality 
(%) 
No treatment 80 96 
Oxytetracycline 
(8 to 10 mg/kg) 80 93 
Human GG alone, 
8 mg 29 33 
Human GG + 
oxytetracycline 
0.5 mg 50 54 
1.5 mg 50 42 
5.0 mg 20 10 
Human plasma alone, 
0.1 ml 10 70 
Human plasma + 
oxytetracycline 
0.01 ml 20 35 
0.03 ml 30 13 
0.10 ml 20 0 
Dog plasma + 
oxytetracycline 
0.03 ml 10 80 
0.10 ml 20 20 
0.30 ml 10 10 
Rat plasma + 
oxytetracycline 
0.1 ml 20 60 
0.3 ml 20 35 
1.0 ml 10 20 
Rabbit plasma + 
oxytetracycline 
0.1 ml 10 80 
0.3 ml 10 60 
Guineapig plasma + 
oxytetracycline 
0.3 ml 30 73 
1.0 ml 30 53 
Mouse serum + 
oxytetracycline 
0.3 ml © 10 80* 
1.0 ml 10 80* 





* Serum-treated mice in these experiments died 
at a slower rate than did untreated mice, indicat- 
ing the presence of a small amount of protective 
activity in mouse serum. 
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parisons of gamma globulin prepared 
from the same plasma are needed to 
establish this. 

Gaines and Landy (5), employing a 
hemagglutinin technique, demonstrated 
antibodies in normal human _serums 
against a Pseudomonas antigen; higher 
titers were present in older age groups. 
Various investigators have demonstrated 
small amounts of Staphylococcus anti- 
toxin in the serums of man and animals, 
and the antibacterial properties of nor- 
mal serum have been widely investigated 
for many years (3). The role of these 
in vitro properties of serum in its pro- 
tective action against lethal infections in 
animals remains to be established. How- 
ever, Cameron (6) has demonstrated 
protective action from gamma globulin 
derived from several domestic animals 
against experimental infections with 
Pasteurella multocida, Salmonella chol- 
eraesuis and Brucella suis. 

R. Cart MItuican 
J. Rust 
S. M. RosENTHAL 
National Institute of Arthritis and 
Metabolic Diseases, National Institutes 
of Health, Bethesda, Maryland 
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Interrelationship between Certain 
Bacteria and the Rumen Ciliate 
Dasytricha ruminantium 


The cattle and sheep ciliates of the 
genera Isotricha and Dasytricha have 
been shown to possess considerable fer- 
mentation ability (1, 2). Soluble carbo- 
hydrates are rapidly utilized by the pro- 
tozoans, with the production of acids and 
gas and with concomitant deposition of 
food reserve amylopectin. The nature of 
the nitrogen source for the holotrich 
ciliates has been elusive (3). The holo- 
trich protozoans do not easily lend them- 
selves to microscopic observation of bac- 
terial feeding. In well-fed ciliates the 
entire organism is loaded with reserve 
food granules, making it difficult to de- 
tect either the presence of bacteria 
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within the ciliates or bacteria actually 
being ingested by the protozoans. 

Growth experiments with the holo- 
trich protozoan Isotricha intestinalis 
have been reported (2). The ciliates 
grew during a short period in an anaero- 
bic medium containing ground alfalfa, 
wheat, and untreated rumen fluid in in- 
organic saline. Counts of the protozoans 
during this time indicated division every 
48 hours. The smaller, more abundant 
holotrich found in the rumen, Dasytricha 
ruminantium, did not survive in these 
experiments, indicating a difference in 
cultural requirements. It was of interest 
to find what these differences were and 
also what factors would stimulate growth 
of D. ruminantium in laboratory cul- 
tures. 

Starvation of D. ruminantium for 48 
to 72 hours decreased the number of 
amylopectin reserve granules and facili- 
tated the search for bacterial ingestion 
by the protozoans. The starved ciliates 
were placed on a slide with a small 
amount of 0.5 percent saline and a mix- 
ture of bacteria obtained from fresh 
rumen fluid by centrifugation. A cover 
glass, ringed with Vaseline, excluded air 
from the entire suspension. With this ar- 
rangement the protozoans remained ac- 
tive and could be observed for several 
hours, with the use of a phase micro- 
scope. Dasytricha ruminantium selected 
and ingested small cocci, 0.5 to 0.8 wu in 
diameter, from the mixture. The bac- 
teria agglutinated at the mouth located 
at the posterior of the organism and were 
gradually ingested. Occasionally, a ciliate 
was observed which swam about trailing 
many agglutinated bacteria. Small rod- 
shaped bacteria, 1.0 x 1.5 pw in size, were 
seen also within food vacuoles in the 
ciliates. In several of the experiments, 
exposure of the bacterial suspension to 
triphenyltetrazolium chloride allowed 
more distinct observation of bacterial in- 
gestion by the protozoans. Bacteria which 
stained red as a result of the deposition 
of the insoluble formazan were seen lo- 
calized near the mouth and in the in- 

terior of the ciliate in food vacuoles. 

Several bacterial strains were isolated 
from rumen contents in order to test 
their growth-promoting effect on Dasy- 
tricha. Following the initial isolation on 
a starch-alfalfa extract agar, the bac- 
teria were grown in liquid medium of 
the same type and used in the ciliate 
cultures. Small vessels with a flat upper 
surface and an opening fitted with a rub- 
ber stopper allowed observation of the 
protozoans without exposure to air. With 
the aid of a dissecting microscope, the 
response and fate of the ciliates in each 
experiment could be followed easily. 
With cooling of the cultures from 39°C 
to room temperature, most of the proto- 
zoans decreased their swimming activity 





and settled to the bottom of the vessel. 
The stale supernate was then removed 
with a capillary pipette, while anaerobic 
conditions were preserved by passing 
carbon dioxide into the vessel opening. 
Fresh 0.5 percent buffered saline contain- 
ing substrate and bacteria was added 
every 24 hours. Streptomycin and peni- 
cillin, plus washing techniques, were used 
to free Dasytricha of most of the asso- 
ciated rumen bacteria. 

Dasytricha ruminantium was cultured 
for 2 weeks in the presence of two species 
of rumen bacteria and the following com- 
ponents, given in percentage: 0.05 ground 
alfalfa, 0.005 cornstarch, 0.5 autoclaved 
rumen fluid, 0.005 glucose, and a mixture 
of ten vitamins. Cysteine hydrochloride, 
0.01 percent, was added to insure re- 
duced conditions. Numerous dividing 
ciliates were observed each day. Parallel 
control cultures which omitted the bac- 
teria were dead at 96 hours. The bac- 
terial strains which stimulated growth of 
Dasytricha were a small coccus, 0.8 » in 
diameter, having a large mucoid colony, 
and a rod 1.0x 1.5 w in size, possessing 
a filamentous type colony. The larger 
holotrich ciliates of the genus Isotricha 
were also observed feeding on rod-shaped 
bacteria (4). It is concluded that the 
holotrich rumen ciliates derive at least 
some of their nitrogenous requirements 
from the ingestion of associated bacteria. 

Jose GuTIERREZ 
Animal Husbandry Research Division, 
Agricultural Research Center, USDA, 
Beltsville, Maryland 

R. E. Huncate 
Department of Bacteriology, University 
of California, Davis 
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Rapid Chemical Changes in 
Reconstituted Dry Milk 


Dry milk is usually reconstituted into 
an aqueous system before use as a food, 
and many of the laboratory analyses of 
dry milk involve reconstitution with 
water as a step in sample preparation. 
Recent study of certain chemical prop- 
erties of reconstituted nonfat dry milk 
indicated a variability in analytic results 
which was correlated with the age of the 
reconstituted samples. The purpose of 
this report is to illustrate some rapid 
chemical changes. which may occur in 
freshly reconstituted dry milk in order 
to bring the phenomenon of change to 
the attention of those interested in the 
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Fig. 1. Changes in certain chemical properties of reconstituted nonfat dry milk as func- 
tions of age. The letters A, B, and C designate different batches of dry milk from the 
same manufacturer; J and N designate the milks as instant (6) or noninstant products. 
The instant milks were prepared from the corresponding noninstant milks (for example, 
AI was prepared by instantizing AN, and so forth). 


evaluation of either dry milk or dehy- 
drated foods in general (1). 

Figure 1 illustrates this effect as ap- 
plied to two different chemical analyses 
on six samples of reconstituted nonfat 
dry milk. The samples were analyzed 
for 5-hydroxymethylfurfural (HMF) (2) 
and for indophenol-reducing substances 
(3). The 5-hydroxymethylfurfural analy- 
ses did not measure free 5-hydroxy- 
methylfurfural in the milks but rather 
the amount formed under standardized 
digestion conditions. The quantity of 
5-hydroxymethylfurfural formed under 
these conditions is believed to be corre- 
lated with the intensity of Maillard-type 
browning (4) reaction in the samples. 
The results of the indophenol titrations 
are expressed as molar concentration of 
diolreductone rather than as the conven- 
tional weight equivalent of ascorbic acid 
(5). The samples were prepared rapidly 
by shaking 10 g of milk powder with 100 
ml of distilled water in a 250-ml erlen- 
meyer flask. Aliquot portions of the re- 
constituted samples (stored at 24°C) 
were removed at specified times for 
chemical analyses, the first samples be- 
ing removed 3 minutes after the start of 
reconstitution. 

The results shown in Fig, 1 definitely 
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indicate that some rapid chemical 
changes were taking place in the freshly 
reconstituted instant (6) milks. The 
changes in the noninstant milks ap- 
peared to be less pronounced and more 
variable. Furfurals and reductones are 
well-known products of the browning 
reaction in foods containing sugar and 
protein (4). The higher levels of 5-hy- 
droxymethylfurfural- and reductones in 
the instant milks, as compared with their 
noninstant counterparts, indicate that the 
instantizing process used on these milks 
caused browning-type reactions to take 
place. Kumetat e¢ al. (7) found that the 
ferricyanide-reducing values were gen- 
erally higher in instant, as compared with 
noninstant, nonfat dry milks and con- 
cluded that instantizing promotes the 
browning reaction. 

It would appear that certain charac- 
teristic products ef the browning reac- 
tion accumulate in dehydrated foods and 
may be rapidly €onverted to other char- 
acteristic products upon hydration. A 
study of the chemistry of the browning 
reaction in model systems led Hodge 
(4) to the conclusion that the sugar in 
sugar-amine browning reactions can be 
dehydrated in two ways. (i) In neutral 
or acidic aqueous systems, furfurals are 


Sw 


formed; (ii) in the dry state, reductones 
are formed. The Hodge conclusion may 
be an oversimplification of the situation; 
however, it does provide a well-defined 
example of the influence of water on the 
course of the browning reaction. Milk 
may be considered to be a representative 
sugar-protein food; therefore, the fore- 
going manifestations may be encoun- 
tered in many other dehydrated foods. 

In light of the growing market for 
dehydrated foods and the anticipated 
increase of interest in the study of mani- 
festations of Maillard-type browning in 
such foods, it is suggested that the dy- 
namic chemical state of freshly recon- 
stituted products be carefully considered 
in the development of investigational 
procedures. 


Mark KEENEY 
RicHArRD BASSETTE 
Dairy Department, University of 
Maryland, College Park 
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Book Reviews 


Organic Synthesis. vol. I, Open-Chain 
Saturated Compounds; vol. II, Open- 
Chain Unsaturated Compounds, Alicy- 
clic Compounds, Aromatic Com- 
pounds. Vartkes Migrdichian. Rein- 
hold, New York; Chapman and Hall, 
London, 1957. 1822 pp. $35 per set 
(not sold separately). 


In these days when the study of reac- 
tion mechanisms occupies an ever-in- 
creasing proportion of the published 
work on organic chemistry, the appear- 
ance of a treatise devoted to the factual 
information concerning organic synthesis 
can only be welcomed. The author’s 
stated aim of “completeness” also is com- 
mendable, but obviously even an 1800- 
page treatise on so vast a subject can be 
complete only if considerable flexibility 
in definition is allowed. This two-volume 
work is somewhat similar to Richter’s 
classic treatise, and a third volume is 
contemplated on _ heterocyclic com- 
pounds. In view of the well-known Or- 
ganic Syntheses series, the title of 
Migrdichian’s work appears to be some- 
what unfortunate. 

The author’s division of subject matter 
into 30 chapters is, for the most part, 
conventional. However, it would have 
seemed preferable to place the chapter 
on Friedel-Crafts reaction in volume II 
rather than in volume I and the material 
on carbohydrates in a separate chapter 
rather than with alcohols in chapter 1. 
Volume I contains separate chapters de- 
voted to the Grignard reaction, organo- 
metallic compounds, and organic com- 
pounds of nonmetals and metalloids, 
while volume II contains special chap- 
ters on diene synthesis and on aromatic 
diazo compounds. Only 105 pages are 
devoted to alicyclic compounds, includ- 
ing the steroids. 

Following each chapter is a long list 
of literature references, which taken to- 
gether comprise a total of some 250 
pages. Chapter 30 contains 719 num- 
bered references, many of which contain 
more than five literature citations. Vol- 
ume II ends with an 88-page index. Both 
volumes contain innumerable structural 
formulas. Most subjects are discussed in 
gratifying detail. Experimental descrip- 
tions are supplied, both for general and 
for representative special methods of 
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synthesis. The factual material appears 
to be authoritative. That one man could 
compile such a tremendous amount of 
information is indeed remarkable. 

To note isolated faults in a treatise so 
ambitious in scope is, of course, easy. On 
the other hand, no one reviewer could 
possibly be competent to present a criti- 
cal review of all parts of such a work. 
Although these volumes contain a veri- 
table wealth of information which no or- 
ganic chemist can afford to be without, 
they nevertheless exhibit a number of 
very serious faults. Prime among these is 
the woefully inadequate proofreading. 
This was performed so carelessly that it 
is imperative for the publishers and 
author to make amends before a second 
edition appears. The one and a half 
pages of errata do not include even a 
minute fraction of the total number of 
misprints, misspellings, errors in struc- 
tural formulas, ambiguous names, and 
so forth. Some of these are so serious 
that they render entire sentences unclear. 
From sheer exhaustion I stopped listing 
all the typographic errors at the end of 
four chapters. A sampling of these errors 
includes: “iaoms” (page 5); “acetals of 
formaldehyde appears ... .” (page 46); 
“glyoxol” (page 104); “NaCH” (page 
145); “thineyl” (page 184); “the reac- 
tion is initialed by ... .” (page 866); 
“dially shows an exceptional behavior 
. . . with perbonzoic acid” (page 897); 
“6-hydroxyhydrindene couples at posi- 
tion 4” (page 1519); “the reaction of 
chlorine with benzaldehyde results in . . . 
formation of benzyl chloride” (page 
1551). In my copy, pages 579 to 610 are 
missing, and pages 547 to 578 appear 
twice. 

No consistent scheme of nomencla- 
ture is followed. The choice of unfor- 
tunate or ambiguous—and at times 
incorrect—names, coupled with typo- 
graphic errors, leads to incongruous 
expressions such as “AiH,” (page 12); 
“expoxide” (page 27); “p-methylamino- 
butyraldehyde”! (page 118); “1,3-di- 
phenyl-2-acetoxy-1,3-dione” (page 119); 
“bisulfite compound of 2-methyl-5-iso- 
propylcyclohexane” (page 144); “2-hy- 
droxy-2-naphthaldehyde” (page 208); 
“B-hydroxynaphthaldehyde” (page 218); 
“tertiary butyl ester has been acylated 

.” (page 341); “propylaldehyde” 





(page 371); “pentyl dimagnesium bro- 
mide, like butylenedimagnesium bro- 
mide, reacts... .” (page 576); “cyclo- 
hexanoic acid” (page 883); “bis-isobu- 
tene ethylene” (page 891); “phenylhexyl 
acid” (page 917); “tert-isobutylene” 
(page 920); “diazobenzene chloride” 
(page 1284). “Tetramethylethylene hy- 
droxy ethylamine” (page 89) is the name 
given to (CH,),COHCNH,(CH,).. Er- 
rors in formulas appear on pages 42, 51, 
93, 141, 170, 175, 564, 632, 1095, and at 
many other places. 

Although “theoretical discussions are 
beyond the scope of this work,” grossly 
incorrect or misleading formulas never- 
theless should not appear. However, for- 
mulas with pentacovalent nitrogen occur 
repeatedly—for example on pages 102, 
181, 1346, and 1466. Sulfonium salts 
(page 93) and oxonium salts (pages 80 
and 1286) are shown with all bonds co- 
valent. The author was extremely un- 
critical to reproduce, without comment, 
formulas such as 


Cc 
4X 
GHN NGHs 
\ 7 


(page 445) and 


| | 
ON=C = N(CH): 


(page 1437). Ring structures are written 
for azoxy compounds (page 1623), 
azides (page 1630), and diazoalkanes 
(pages 1633 and 1635). Sterically im- 
possible formulas with fused 3- and 
4-membered rings appear for piazthiol 
(page 1446) and methylanthranil (page 
1449). 

The author’s claim that “reaction 
mechanisms receive mention only when 
well-nigh complete agreement exists on 
their essential correctness” is misleading 
and is not fulfilled. The few theoretical 
discussions are very poorly written. The 
discussion of the mechanism of coupling 
of diazonium salts contains vague and in- 
correct ideas: “The reaction, which is 
bimolecular, is one of condensation be- 
tween the undissociated, polarized diazo 
compound and the aromatic body in an 
activated state, in which a hydrogen 
atom has acquired an induced positive 
charge” (page 1511). “It would appear 
that in the [coupling] reaction with phe- 
nols, it is the free phenol formed by the 
dissociation of the phenolate that cou- 
ples with the diazo compound” (page 
1513). 

The article cited for the mechanism 
of the Perkin reaction (page 1389) was 
published in 1928; the latest reference 
for the mechanism of the Hofmann re- 
action (page 381) is dated 1911. The 
mechanism of addition of hydrogen 
halide to olefins is discussed in these 
words: “The normal reaction may be 
considered the result of the attack of a 
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positive halogen ion on the positive car- 
bon atom, following the addition of a 
proton to the negative atom” (p. 863). 
Statements like “the mechanism of the 
[Willgerodt] reaction has not been eluci- 
dated” (page 244) would seem to require 
elaboration. Curved arrows to illustrate 
reaction mechanisms are used only rarely, 
and in one case (page 1294) the result- 
ing formulas are garbled. The Elbs per- 
sulfate oxidation is mistakenly called the 
“Dakin oxidation” (page 1277), while 
the latter reaction is presented (page 
1281) without its “name.” Reactivity of 
halogen compounds is discussed in chap- 
ter 11 with no mention of theory. An 
outdated theoretical discussion of chela- 
tion in o-hydroxy aromatic ketones is 
given on page 1368, along with a garbled 
structural formula. 

It is to be expected that a treatise such 
as the present one will not be up to date 
with the literature. In general, few ref- 
erences later than 1950 are given. Thus, 
in chapter 25 only one article later than 
1947 is cited, and in chapter 2, only one 
article later than 1949. A given paper 
sometimes is cited in the same chapter 
under different numbers and sometimes 
is listed twice under the same number. 
Certain interesting reactions are pre- 
sented—for example, at the top of page 
476—with no reference to the literature. 

I noticed many cases where space was 
wasted because of needless repetition of 
subject matter. For example, the reaction 
depicting the oxidation of an acetylene 
derivative with selenium dioxide is given 
on page 999 and again on page 1022 and 
is mentioned in words on page 1001; the 
related literature reference appears as 
Nos. 541, 408, and 270. The reaction of 
diphenyl ether with hydriodic acid is de- 
scribed in almost identical words at two 
different places on page 1285. Formulas 
illustrating the conversion of benzo- 
quinone to the triacetate of hydroxyhy- 
droquinone are given on pages 1307 and 
1310. 

Some index entries under acetalde- 
hyde and under acetal appear to have 
been interchanged. Diiodoacrylic acid is 
listed under D and also under A, while 
dimethylketene appears under D but not 
under K, 

While the relative amount of space 
allotted to various topics justifiably is a 
point on which few would agree, it nev- 
ertheless seems unfortunate that only onc 
page (901) is devoted to polymeri- 
zation of unsaturated compounds and 
only three and a half pages (835-838) to 
the preparation of alkenes by dehydra- 
tion of alcohols and by pyrolysis of 
esters. The addition of sulfur chloride to 
ethylene is mentioned (page 876) with- 
out noting that the product is called 
“mustard gas.” Apparently no discussion 
of DDT as such is presented anywhere 
in the work. 
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As soon as the serious shortcomings 
are overcome, Migrdichian’s treatise 
seems certain to take its place among the 
indispensable reference works of organic 
chemistry. Even with these shortcomings. 
the work is tremendously valuable to all 
experienced organic chemists. However, 
the uninitiated is certain to experience 
considerable confusion and dismay in 
using these volumes in their present form. 
Without deemphasizing the rightful em- 
phasis on factual knowledge, this work 
could be unified and improved by a dis- 
cussion of many of the facts in terms of 
basic theoretical concepts. Such an ap- 
proach would not necessarily add any 
pages and, indeed, might make possible 
considerable saving of space. Perhaps the 
main merit of the electron theory of or- 
ganic chemistry is that its judicious use 
permits a satisfying unification of many 
facts previously considered unrelated or 
anomalous. 

I. Mover HuNSBERGER 
Fordham University 


Battle for the Mind. A physiology of 
conversion and brainwashing. William 
Sargant. Doubleday, Garden City, 
N.Y., 1957. 263 pp. + plates. $4.50. 


William Sargant has written entertain- 
ingly about 18th-century Methodism, 
Voodoo, the Eleusinian mysteries, and 
North Carolina snake handlers, coupling 
these with accounts of combat fatigue, 
the London blitz, miscarriages of British 
justice, and Chinese Communist thought 
reform. Sargant has a catholic enthusi- 
asm for Paviov, and he would have us 
believe that the great Russian explained 
all of these very simply. He draws some 
interesting parallels, even though he has 
to draw some of them a long way. This 
book should be labeled “speculation” and 
read with this in mind; otherwise the 
reader may come away with some mis- 
taken ideas. 

It is quite true that the effects of 
anxiety, fatigue, loss of sleep, hunger, 
pain, debilitation, and circulatory dis- 
turbances may -reduce a man to a state 
of mental dullness, loss of discrimination, 
confusion, pliability, and increased sug- 
gestibility. It is also true that the Com- 
munist state police know this and make 
use of their knowledge in extracting con- 
fessions. But these effects, by and large, 
are transient and disappear when the 
normal physiological state is restored. It 
is not true that Communist police can 
alter beliefs at will. I have goné over the 
evidence on this point at some length 
and am satisfied that the victims of the 
“purge trials” of the 1930’s and 1950's, 
the various foreigners “tried” by China 
and the satellites, and the American air- 
men who “confessed” to bacteriological 








warfare in Korea, when they had recov- 
ered from the ordeal of interrogation, 
were generally aware of the extent to 
which their “confessions” were untrue 
and “cooperated” with their captors be- 
cause it seemed to be the wisest course 
open to them in the extremely difficult 
situations in which they found them- 
selves. 

Sudden, emotionally charged, and 
relatively permanent conversions to 
Communism do occur, and sometimes 
they happen to people who were for- 
merly strongly anti-Communist. They are 
rare, and the overwhelming majority 
occur outside of prisons, in a variety of 
unpremeditated circumstances, to peo- 
ple who seem to have a need for re- 
ligious conversion, and who also have a 
propensity for being reconverted to other 
faiths at a later date. The very rare con- 
versions among Communist captives seem 
to occur only among such susceptible 
people. The mass appeal of Communism, 
however emotionally charged it may be, 
is based on its promise to better the lot 
of those who see themselves as poor, 
downtrodden, and exploited. Such peo- 
ple, along with others who identify with 
them for idealistic or practical reasons, 
support the party with varying degrees 
of irrationality and dedication, like that 
of supporters of other dynamic political 
movements, 

There is no good evidence that the 
Communists have developed indoctrina- 
tion techniques superior to those used by 
non-Communist nations, or based on new 
and scientifically devised principles. By 
a mixture of strict control, limited infor- 
mation, didactic teaching, and reward- 
and-punishment, they can produce a 
great deal of compliant behavior among 
their captives and create some awareness 
among them of the ostensible social and 
political goals of Communism; but the 
Communist record for producing firm 
conversions among the skeptical or hos- 
tile is dismal. Among all of the American 
military prisoners in Korea, including the 
notorious “21 who stayed,” I can think 
of less than a half-dozen who were “con- 
verted” to Communism (using any reas- 
onable definition of this term), and even 
these were people not previously hostile 
to it. A diligent investigation of young 
Hungarian workers, students, and intel- 
lectuals—members of Communist groups 
who spent their adolescence in Commu- 
nist schools and some of whom spent 
years in the hands of the State Defense 
Bureau (AVH)—has uncovered some 
misinformation among them, and a vast 
amount of skepticism and hostility to- 
ward the Communist regime, but nothing 
remotely resembling effective methods 
of thought control. 

Communist state’ police methods are 
just that: police methods. The evidence 
indicates that scientists did not design 
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them and do not participate in them. 
Pavlov made great contributions to neu- 
rophysiology, some of which have some 
applicability to the understanding of 
prison experiences, as they do to the 
understanding of many other types of 
experience; but Pavlov’s hypotheses 
about the temperamental characteristics 
of dogs, and the relation of these to cer- 
tain types of conditioning procedures, 
provide only the dimmest sort of illumi- 
nation for the complex social and politi- 
cal phenomena of modern times. 
Lawrence E. HINKLE, Jr. 
New York Hospital- 
Cornell Medical Center 


Glossary of Geology and Related Sci- 
ences. J. V. Howell, coordinating 
chairman. American Geological Insti- 
tute, Washington, D.C., 1957. x + 325 
pp. $6. 


The idea for this Glossary was formed 
in early 1950, work was started on it 
1 Mar. 1953, and it was published in 
June 1957. With a staff of about 90 spe- 
cialists, it covers some 25 geologic fields, 
going from “a, direction . . .” to “zygote, 
a fertilized egg. . . .” J. V. Howell and 
his group have accumulated a great 
number of terms, and although I have 
not read them all, those I have checked 
are well handled and correct. Lynn M. 
Nichols, of the Oil and Gas Journal, is 
technical editor and has edited all of 
them, to the betterment of the book. 

There has long been a need for this 
Glossary. There are perhaps five dozen 
dictionaries and glossaries in which vari- 
ous geologic terms are defined, but this 
is the first one that covers the field and 
related sciences. (This covers some 
14,000 terms.) Everyone connected with 
the project should feel proud of a good 
job well done. It is expected that this 
edition will be exhausted before long, 
and additional terms will be included in 
the next. We all need the book and 
should use it. 

E. Witiarp BErry 
Duke University 


Quantum Chemistry, an Introduction. 
Walter Kauzmann. Academic Press, 
New York, 1957. 744 pp. Illus. $12. 


The author of this book set out to pro- 
duce an elementary textbook. In this he 
has succeeded, with some spectacular 
pedagogical features. Mathematical op- 
erations for important elementary topics 
are written out in unusually great detail, 
and all pertinent mathematics is pre- 
sented in connection with extremely 
clever examples from classical mechan- 
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ics before quantum mechanics is intro- 
duced. Because of the patient presenta- 


‘tion of the mathematical methods and 


because of detailed discussions of con- 
cepts, this adds up to a long book: 744 
pages of small and very small type, 230 
problems, 254 references, 158 figures, 47 
tables, and more than 2800 equations. In 
spite of its length, the book is less com- 
plete in coverage, less useful as a hand- 
book to the chemist who is using quan- 
tum mechanics in his research, and less 
complete in the presentation of details of 
advanced topics than are certain other 
textbooks in this field. However, as an 
introductory textbook for the average 
senior or graduate student in chemistry, 
this book has many extremely attractive 
features, and it should be widely useful. 

In the first 150 pages there are prob- 
lems in classical mechanics which give 
rise to the same mathematical opera- 
tions that are met with later in quantum 
mechanics. For example, surface harmon- 
ics, including s, p, d, f, and so on, nota- 
tion, is introduced in terms of the nor- 
mal modes of vibration of the ocean on 
a completely flooded planet. Also a cor- 
relation diagram, in going from the nor- 
mal modes of a square membrane to the 
normal modes of a round membrane, 
illustrates correlation diagrams in gen- 
eral, perturbation theory, and the reason 
for proper linear combination of degen- 
erate normal modes. Similar illustrations 
are given for the variation method, sym- 
metry operations, systems with strong or 
weak coupling, and so on. 

With all difficult mathematical oper- 
ations already covered in the treatment 
of easily visualized mechanical systems, 
the author is able to concentrate in the 
next 400 pages on the physical and 
chemical concepts of quantum chemistry. 
The topics covered are the usual ones: 
the Schroedinger equation and its exact 
solution and interpretation for simple 
systems, the uncertainty principle, an- 
gular momentum operators, atomic sys- 
tems (two long chapters), molecules 
(two long chapters), van der Waals 
forces, and time-dependent processes. 
On these topics and problems the book 
is critical, stimulating, and up to date. 

At this point, on page 546, we encoun- 
ter a second book, based on the same 
plan as the first but carrying out this pat- 
tern less successfully. The subject of this 
second book is the quantum theory of 
light. The first 90 pages are devoted to 
the “classical theory of optics,” largely 
the Lorentz theary of electrons and their 
interaction with light waves. The last 
chapter is devoted to patching up this 
theory with quantum considerations. 
Surely the author would have been ex- 
cused if at the end of his book he had 
indulged himself in a short, difficult 
chapter on this, his field of research. In- 
stead, we have a very long section which 


attempts to make the subject simple and 
easily visualized; one gets the impression 
that this section is artificial, specialized, 
and not of the same polished quality as 
the rest of the book. 

Often a student comes up with one or 
another of two unfortunate attitudes to- 
ward quantum chemistry. On the one 
hand, he may be repelled by the mathe- 
matical details; he may want a non- 
mathematical version of quantum me- 
chanics; and he may memorize several 
words, some of them having many syl- 
lables. On the other hand, a student may 
work through the treatment of the hy- 
drogen atom and a few other cases; he 
is thrilled by the success of the theory, 
and at once he wants to hang up his 
laboratory apron, throw away his test 
tubes, and start calculating the answer 
to his technical chemical problems. In 
fine philosophic passages, Kauzmann 
consciously combats both of these profit- 
less attitudes. The point is firmly made 
that nonmathematical quantum mechan- 
ics is like dehydrated water; the student 
is sternly told that he must master the 
mathematical methods, derivations, and 
operations in order to understand what 
has been done, what can be done, and 
what cannot be done with present tech- 
niques. The early optimist is warned that 
in spite of all the mathematics one can 
learn and even with high-speed comput- 
ers, one does not in the foreseeable fu- 
ture expect quantitative theoretical solu- 
tions to routine chemical problems. 

Harorp S. JoHNsTON 
California Institute of Technology 


Biochemical Problems of Lipids. Pro- 
ceedings of the second international 
conference held at the University of 
Ghent 27-30 July 1955. G. Popjak 
and E. Le Breton, Eds. Interscience, 
New York, 1957. iv+505 pp. Illus. 
$10.75. 


This book is a compilation of some 69 
of the 80 papers presented at the second 
international conference. Most of these 
papers are in English, but quite a few 
are in French and German. The breadth 
of subjects covered by the book is in- 
dicative of the broad field of interests in 
lipid chemistry. 

Part I is devoted to physical and chem- 
ical properties of the lipids, methods of 
separation, and structures. Of special in- 
terest is the article by A. T. James and 
A. J. P. Martin on gas-liquid chromatog- 
raphy as it is used in the separation and 
identification of methyl esters of satu- 
rated and unsaturated fatty acids. This 
procedure is perhaps the most exciting 
in the field of lipid chemistry at the 
moment. 

Part II is concerned with metabolism 
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and biosynthesis, enzyme systems. The 
paper entitled, “Further studies on the 
biosynthesis of cholesterol and squalene,” 
by Cornforth et al., deserves special 
mention because of the probable signifi- 
cance of cholesterol synthesis in athero- 
sclerosis. The final paper of this section 
is the report of an international com- 
mittee on “Nomenclature of enzymes of 
fatty acid metabolism.” 

Part III is devoted to phospholipids 
and transport. Of special interest are a 
report by E. H. Ahrens, Jr., on “Fatty 
acid exchanges during fat digestion in the 
human intestine” and an article by M. G. 
Morehouse, W. P. Skipski, R. L. Searcy, 
and Leonard Spolter on “Absorption and 
distribution in the rat of lipids utilizing 
labelled glycerides and components.” 
The article by J. Glover and C. Green 
on “Studies on the absorption and me- 
tabolism of sterols: mode of absorption” 
is of current interest. 

Several papers in part IV are espe- 
cially timely. These are “Minor constitu- 
ents of unsaponifiable fractions of kid- 
ney, liver and other tissues from various 
species,’ by R. A. Magton; “Réle de la 
choline a l’égard de la toxicité de cer- 
tains mélanges lipides-cholestérol,” by 
J. Raulin; “The biological value of vari- 
ous natural oils and fats,” by H. J. 
Thomasson; “Function and metabolism 
of essential fatty acids,” R. T. Holman; 
and, finally, “Action de Vhéparine in 
vitro sur les lipides et les proteines du 
sérum sanguin,” by Colette Magis. 

It is not possible in a book of this 
type, covering so many subjects, to re- 
view any papers in detail. However, this 
volume should be on the required list for 
every lipid chemist and especially for 
graduate students working in this field. 

J. B. Brown 
Ohio State University 


Experimental Research on Ageing. Sym- 
posium of the Biological and Medical 
Research Committee of the Interna- 
tional Gerontological Association’s 
European Section. Basel, 4-7 Apr. 
1956. F. Verzar, Ed. Birkhauser, Basel, 
Switzerland, 1956. 290 pp. F. 34. 


This report of a symposium organized 
by F. Verzar and J. F. Danielli, under 
the auspices of a committee of the Inter- 
national Gerontological Association’s 
European Section, is of special value, 
since the participants have presented ob- 
servational data to support their points 
of view. It offers an excellent perspective 
of the interests of European investiga- 
tors in research on aging. 

Of the 40 papers published, the first 
five offer the views of R. E. Tunbridge 
and D, A. Hall (Leeds), I. Banga, J. 
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Balé and D. Szabé (Budapest), Verzar 
(Basel), and N. R. Joseph and F. Bour- 
ligre (Paris) on age changes in connec- 
tive tissue. These papers summarize, in 
a lucid fashion, the areas of agreement 
and disagreement among these investiga- 
tors. With increasing age, collagen un- 
dergoes changes which are reflected in 
its chemical and physical properties. 
Danielli and G. H: Bourne (London) 
considered the potential role of somatic 
mutations in aging and reviewed briefly 
age changes in mammalian tissue cells. 
The importance of the interrelations be- 
tween the functions of cells of a given 
tissue with other cells of the body was 
stressed. Although attractive, the hy- 
pothesis that aging is attributable to so- 
matic mutations is highly speculative, 
since calculations must be based on mu- 
tation rates in the germ cells in the 
absence of data on somatic cells. O. 
Miihlbock (Amsterdam) summarized 
data from his genetic studies on mice to 
demonstrate that advanced parental age 
reduced the frequency of spontaneous 
mammary and hepatic tumors in the off- 
spring. L. Brull and C. Keil (Liége) 
showed that fatness in mice increased 
regularly with age except in extreme old 
age. They concluded that mice behave 
like human beings—they keep on eating 
too much after they are grown. 

About 14 papers were concerned with 
age changes in the functional capacities 
of various organ systems in mice, rats, 
and human beings. These varied from 
reports on structural changes in the senile 
mouse ovary (P. J. Thung, Amsterdam), 
and age differences in the response of 
body temperature of the rat to cold 
environments (F. Hiigin and Verzar, 
Basel), to changes in carbohydrate (W. 
E. J. Jessop, Dublin, and H. Baur, 
Basel), protein (J. Rechenberger, Leip- 
zig), and lipid metabolism (G. Schett- 
ler, Marburg) in the human being. Ar- 
teriosclerosis was the subject of papers b 
E. Greppi, G. Scardigli, G. Guidi, F. M. 
Antonini (Florence) and F. H. Schulz 
(Leipzig). Other clinical studies on pro- 
tein metabolism (W. Schulze, Ludwigs- 


hafen), water metabolism (O. Olbrich - 


and E. Woodford-Williams, Sunder- 
land), blood coagulation (T. Geill, Co- 
penhagen), aging in the central nervous 
system (M. Biirger, Leipzig), vitamin 
treatment of mentally disturbed old peo- 
ple (L. Van der Horst, Amsterdam), and 
blood sedimentation (J. A. Huet, Paris) 
were also reported. V. Korenchevsky 
(London) developed, in detail, his the- 
ory of autointoxication as one of the 
causes of aging. Olbrich and Woodford- 
Williams were unable to reduce nitro- 
genous waste products in the blood by 
daily intravenous infusions of saline in 
old subjects. A. T. Welford (Cambridge) 
critically examined current theories of 


age in learning ability. E. R. F. W. Cross- 
man and J. Szafran (Birmingham), using 
card-sorting tests of increasing complex- 
ity, found that the easy tasks showed 
greater age differences than did the 
more difficult tasks. This is a new obser- 
vation which led the investigators to 
present an interesting hypothesis based 
on the concept of “internal noise” in the 
nervous system. 

Although many “old hands” in geron- 
tological research contributed to the 
symposium, a number of investigators 
who were new to the field of aging were 
represented. This is an indication of the 
growing recognition of the importance of 
aging research among scientists from 
many disciplines. 

The book offers thoughts and _ hy- 
potheses about aging which should serve 
as a further stimulus to research. It dif- 
fers from other symposia in that only 
minor reference is made to the discus- 
sion. The published discussion is usually 
limited to a series of questions with spe- 
cific answers, so that the reader does not 
get full benefit of the thinking of the 


‘group. Unfortunately, the book does not 


contain a subject index. However, the 
volume is a “must” for anyone who 
wishes to be informed about current 
research on aging in European labora- 
tories. 

N. W. SHock 
Baltimore City Hospitals 


A Revision of the Australian Chafers 
(Coleoptera: Scarabaeidae: Melolon- 
thinae). vol. 1. E. B. Britton. British 
Museum (Natural History), London, 
1957. viii+ 185 pp. Plates. £4. 


Volume I of this much needed revision 
of Australian chafers is presented in 185 
pages, with 25 text figures and 42 plates 
with 499 line drawings. The volume is 
especially valuable, since E. B. Britton 
was unusually fortunate in being able to 
examine a high percentage of the types 
of Australian Melolonthinae, the British 
Museum itself owning at least half of the 
types of the 1389 known species. He was 
privileged also to spend the greater part 
of a year in Australia, studying types in 
the five Australian museums owning such 
specimens. 

In the first volume, 157 of 184 pre- 
viously described species are reduced to 
136 through synonymy, and 67 new spe- 
cies are added, to bring the total to 203 
species. These species, occurring on the 
Australian mainland ‘and associated 
islands, including Tasmania, are de- 
scribed and presented in well-constructed 
keys to tribes, genera, and species. 

O. L. CartwricHT 
Smithsonian Institution 





SCIENCE, VOL. 126 





ne! 


19! 


P 


aan ef it aes a 





ng 
X- 
od 
he 
T= 
to 


ne 


n- 


he 


re 
1e€ 


of 


ve 





New Books 








Histology. Arthur W. Ham. Lippincott, 
Philadelphia, Pa., ed. 3, 1957. 909 pp. 
$11. 

Industry and Technical Progress. Fac- 
tors governing the speed of application of 
science. C. F. Carter and B. R. Williams. 
Oxford University Press, London, 1957. 
252 pp. $4. 

Mathematical Analysis. A modern ap- 
proach to advanced calculus. Tom M. 
Apostol. Addison-Wesley, Reading, Mass., 
1957. 565 pp. $8.50. 

The Measurement of Meaning. Charles 
E. Osgood, George J. Suci, Percy H. Tan- 
nenbaum. University of Illinois, Urbana, 
1957. $7.50. 

Mosses of Indiana. Winona H. Welch. 
Bookwalter, Indianapolis, Ind., 1957. 478 
pp. 

No Frontier to Learning. The Mexican 
student in the United States. Ralph L. 
Beals and Norman D. Humphrey. Univer- 
sity of Minnesota Press, Minneapolis, 
1957. 159 pp. $3.25. 

Prehistoric Man. A. Lerio-Gourhan. 
Philosophical Library, New York, 1957. 
129 pp. $4.75. 

Recent Progress in Hormone Research, 
vol. XIII. Proceedings of the Laurentian 
Hormone Conference 1956. Gregory Pin- 
cus, Ed. Academic Press, New York, 1957. 
654 pp. $12.80. 

Survey of Biological Progress, vol. III. 
Bentley Glass, Ed. Academic Press, New 
York, 1957. 345 pp. $7.50. 

Synthetic Methods of Organic Chemis- 
try, vol. 11. W. Theilheimer, Ed. Karger, 
Basel; Interscience, New York, 1957. 510 
pp. $20. 

Tables of Angular Distribution Coe ffi- 
cients for Light-Scattering by Spheres. 
Chiao-Min Chu, George C. Clark, Stuart 
W. Churchill. Engineering Research Insti- 
tute, University of Michigan, Ann Arbor, 
1957. 58 pp. $3. 

Biology of the Treponematoses. Based 
on studies carried out at the International 
Treponematosis Laboratory Center of 
Johns Hopkins University under the aus- 
pices of the World Health Organization. 
WHO Monogr. Ser. No. 35. Thomas B. 
Turner and David H. Hollander. World 
Health Organization, Geneva, 1957. 278 
pp. $6. 

The Development and Meaning of Ed- 
dington’s ‘Fundamental Theory.’ Includ- 
ing a compilation from Eddington’s un- 
published manuscripts. Noel B. Slater. 
Cambridge University Press, Cambridge, 
Mass., 1957. 311 pp. $7.50. 

Fall Out. Radiation hazards from nu- 
clear explosions. A. Pirie. MacGibbon & 
Kee, London, 1957. 160 pp. 12s. 6d. 

Fenestella from the Permian of West 
Texas. Geological Society of America Me- 
moir 70. M. K. Elias and G. E. Condra. 
Geological Society of America, New York, 
1957. 167 pp. 

General Zoology. Tracy I. Storer and 
Robert L. Usinger. McGraw-Hill, New 
York, ed. 3, 1957. 670 pp. $7.50. 

Handbuch der Physik, vol. XXVIII, 
Spectroscopy II. S. Fliigge, Ed. Springer, 
Berlin, 1957. 454 pp. DM. 98. 
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The A-B-C of Electrons, Atoms, and 
Molecules. Their mechanical actions and 


. functions and their simple ratios in math- 


ematical terms. Frank X. Graser. Green- 
wich, New York, 1957. 104 pp. $3. 

Advances in Pest Control Research, vol. 
I. R. L. Metcalf, Ed. Interscience, New 
York, 1957. 521 pp. $11. 

L. P. Alford and the Evolution of Mod- 
ern Industrial Management. William J. 
Jaffe. New York University Press, New 
York, 1957. 387 pp. $5. 

Quantitative Organic Analysis. James 
S. Fritz and George S. Hammond. Wiley, 
New York; Chapman & Hall, London, 
1957. 316 pp. $6. 

The Relativistic Gas. J. L. Synge. 
North-Holland, Amsterdam: Interscience, 
New York, 1957. 119 pp. $4.50. 

Rheumatoid Arthritis. A definition of 
the disease and a clinical description 
based on a numerical study of 293 pa- 
tients and controls. Charles L. Short, 
Walter Bauer, William E. Reynolds. Pub- 
lished for The Commonwealth Fund by 
Harvard University Press, Cambridge, 
Mass., 1957. 490 pp. $7. 

Semiconductors. Their theory and prac- 
tice. G. Goudet and C. Meuleau. Trans- 
lation by G. King of Theorie et Pratique 
des Semiconducteurs. MacDonald & 
Evans, London, 1957 (order from Essen- 
tial Books, Fair Lawn, N.J.). 334 pp. 
$18.90. 

Set Theory. Felix Hausdorff. Trans- 
lated from the German, ed. 3, by John R. 
Aumann et al. Chelsea, New York, 1957. 
352 pp. $6. 

Soil—Plant Relationships. C. A. Black. 
Wiley, New York; Chapman & Hall, Lon- 
don, 1957. 339 pp. $7. 

A Student’s Histology. H. S. D. Garven. 
Livinston, Edinburgh, 1957. 662 pp. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Analysis and Operational Research. 
Two series of papers reprinted from Re- 
search, vol. 9, 1956. Butterworths, Lon- 
don, 1957 (order from Interscience, New 
York). 69 pp. $2.50; 40 pp. $2. 

An Archaeological Survey of West Cen- 
tral New Mexico and East Central Ari- 
zona. Papers of the Peabody Museum of 
Archaeology and Ethnology, Harvard 
University, vol. 44, No. 1, Edward Bridge 
Danson. 133 pp. $4.50. A Chancay-Style 
Grave at Zapallan, Peru. An analysis of 
its textiles, pottery, and other furnishings. 
Papers of the Peabody Museum of Archae- 
ology and Ethnology, Harvard University, 
vol. 50, No. 1. S. K. Lothrop and Joy 
Mahler. 38 pp. $2.50. Peabody Museum 
of Archaeology and Ethnology, Harvard 
University, Ninatieth Report. 55 pp. Pea- 
body Museum, Cambridge, Mass., 1957. 

Atomic Energy Commission, Twenty- 
second Semiannual Report. U.S. Atomic 
Energy Commission, Washington, D.C., 
1957. 257 pp. 

The Birds of Isla Coiba Panama. Smith- 
sonian Misc. Coll., vol. 134, No. 9. Alex- 
ander Wetmore. 105 pp. Music of Acoma, 








Isleta, Cochiti and Zuni Pueblos. Bureau 
of American Ethnology Bull. 165. Frances 
Densmore. 117 pp. $0.70. Smithsonian In- 
stitution, Washington, D.C., 1957 (order 
from Supt. of Documents, GPO, Wash- 
ington, D.C.). 

Colloque de Topologie Algébrique. 
Held at Louvain 11-13 June 1956. Centre 
Belge de Recherches Mathematiques. 
Thone, Liége; Masson, Paris, 1957. 190 
pp. Paper, F. 3000. 

Current Expenditures per Pupil in Pub- 
lic School Systems: Large Cities, 1955-56. 
Circ. No. 500. Lester B. Herlihy and Joel 
Williams. Office of Education, Washing- 
ton 25, D.C., 1957 (order from Supt. of 
Documents, GPO, Washington 25). 25 
pp. $0.15. 

European Organization for Nuclear Re- 
search, Second Annual Report. European 
Organization for Nuclear Research, Ge- 
neva, 1957. 71 pp. 

Expert Committee on Biological Stand- 
ardization, Tenth Report. WHO Tech. 
Rept. Ser. No. 127. World Health Organi- 
zation, Geneva, 1957 (order from Colum- 
bia University Press, New York 27). 35 
pp. $0.30. 

Human Protein Requirements and 
Their Fulfillment in Practice. Proceedings 
of a conference in Princeton, N.J. (1955). 
Sponsored jointly by the Food and Agri- 
culture Organization of the United States 
(F.A.O.), World Health Organization 
(WHO), and Josiah Macy, Jr., Founda- 
tion, New York. J. C. Waterlow and Joan 
M. L. Stephen, Eds. John Wright, Bristol, 
England, 1957. 193 pp. $2. 

An Introduction to Electromyography. 
Fritz Buchthal. Gyldendals Forlagstryk- 
keri, Kobenhavn, 1957. 43 pp. 

New Tables of Mie Scattering Func- 
tions for Spherical Particles, pt. 3, Values 
of Amplitude Functions am and bm for 
Refractive index n=1.44 and for size 
Parameters «= 0(0.1)30. Geophysical Re- 
search Papers, No. 45. ASTIA Docu- 
ment No. AD-98769. Rudolf Penndorf 
and Bernice Goldberg. Geophysics Re- 
search Directorate, Bedford, Mass., 1957 
(order from U.S. Dept. of Commerce, 
Office of Technical Services, Washington, 
D.C.). 251 pp. 

Bibliography of Research Reports Is- 
sued by the Biophysics Branch. ASTIA 
Document No. AD 126361. Margaret 
Siegfried. Wright Air Development Cen- 
ter, Wright-Patterson Air Force Base, 
Ohio, 1957 (order from ASTIA Docu- 
ment Service Center, Knott Building, 
Dayton 2, Ohio). 14 pp. 

South African Council for Scientific 
and Industrial Research, Eleventh Annual 
Report 1955-1956, The Council, Pretoria, 
Union of South Africa, 1957. 214 pp. 

Statistical Tables for Use with Binomial 
Samples—Contingency Tests, Confidence 
Limits, and Sample Size Estimates. Don- 
ald Mainland, Lee Herrera, Marion I. 
Sutcliffe. Department of Medical Statis- 
tics, New York University College of 
Medicine, New York 1957. 83 pp. $2. 

The Western Apache Clan System: Its 
Origins and Development. University of 
New Mexico Publ. in Anthropology, No. 
9. Charles R. Kaut. University of New 
Mexico, Albuquerque, 1957. 99 pp. $2. 
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Meetings and Societies 


High-Energy Physics 


The seventh annual Conference on 
High Energy Nuclear Physics was held 
at the University of Rochester, Rochester, 
N.Y., 15-19 Apr. This series of confer- 
ences was initiated 7 years ago by the 
University of Rochester, aided by local 
industrial concerns, with the intention of 
bringing together a small and intimate 
group of specialists in order that they 
might thrash out problems of mutual in- 
terest in an informal atmosphere. The 
conferences have been held annually in 
Rochester since then, and the scope, 
duration, attendance, and sponsorship 
have expanded at a rate commensurable 
with the rapid development of the field 
of high-energy physics. This year’s con- 
ference was attended by approximately 
300 invited guests, representing labora- 
tories from 24 countries. The sponsors 
were the National Science Foundation 
and the University of Rochester, in co- 
operation with the International Union 
of Pure and Applied Physics, the U.S. 
Atomic Energy Commission, the U.S. 
Air Force Office of Scientific Research, 
and the U.S. Office of Naval Research. 
Further support was provided by several 
national industrial concerns in addition 
to the usual help from local Rochester 
industries. 

Because this conference has become 
known internationally as the ultimate 
source of up-to-the-minute information 
in a very rapidly developing field, it has 
been increasingly difficult to maintain 
the small and intimate character of the 
original meeting. In order to allow for 
inyormal discussion, two afternoons were 
originally left open in the tentative pro- 
gram. However, the flood of contribu- 
tions made it necessary to schedule ses- 
sions on both of these afternoons. In spite 
of the tight schedule and large attend- 
ance, the meeting had an informal flavor. 
Much too little time was devoted to dis- 
cussion from the floor; nevertheless, the 
sessions were enlivened by an occasional 
verbal joust. 

There were, altogether, ten half-day 
sessions in the 5 days. The first session 
had the title “Structure of the nucleon,” 
although, as the chairman of the session, 
R. E. Peierls, remarked, the entire field 
of high-energy physics is concerned in 
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one way or another with this question. 
The introductory talk by G. Chew was 
largely devoted to the structure of classi- 
cal pion theories outside the core radius 
(about % x 10-18 cm). He pointed out 
that the classical pion theory, with ap- 
propriate technical modifications, seems 
to describe phenomena associated with 
the domain of large distances (beyond 
10-18 cm) rather well and that the inter- 
mediate region is not quite so well un- 
derstood, and he described the core as 
that “dark and forbidding region.” Ex- 
perimental methods for getting at the 
intermediate and outer structure were 
discussed in contributed papers by Hof- 
stader (scattering of high-energy elec- 
trons) and by Bernardini and Telegdi 
(scattering of high-energy gamma radia- 
tion). Contributed theoretical papers 
were largely concerned with the problem 
of S-wave pion-nucleon scattering. 

The second session was devoted to 
“Pion reactions,” mainly from the ex- 
perimental side. This is now generally 
referred to as “classical” pion physics, 
although it was the very frontier of high- 
energy physics at the first conference. 
Recent experimental work was surveyed 
by J. M. Cassels, who emphasized the 
quantitative results on the lower energy 
side (pion energies below 700 Mev) 
and their bearing on the structure of the 
nucleon in the intermediate and outer 
regions. In particular, he, as well as 
Chew, emphasized that the renormalized 
pion-nucleon coupling constant, f?, is 
attaining the status of a fundamental 
constant of physics. Scattering of pions 
by nucleons seems to fix f? at about 0.08, 
in the conventional units; however, Cas- 
sels called attention to serious discrep- 
ancies with respect to this and to other 
aspects of the theory of the nucleon 
structure. In particular, the results on 
photopion production from protons do 
not seem to be in accord with the theory. 
A number of new experimental results 
were presented in contributed papers, 
the stress being laid on increased accur- 
acy of the data at lower energies and the 
extension of the rough data to higher 
energy. 

The third session was devoted to the 
“Nucleon-nucleon interaction,” the em- 
phasis being on attempts to fit both the 
low- and high-energy data on the two- 





nucleon system with a potential contain- 
ing a minimum number of parameters. 
R. E. Marshak introduced the subject by 
surveying recent work and _ presenting 
new results based on a potential built 
around the pion-nucleon theory. , This 
potential alone does not give agreement 
with the data at high energy, but Mar- 
shak demonstrated that the addition of 
a spin-orbit interaction to the potential 
serves to bring about good agreement 
over the entire energy range. The ap- 
propriate value of f? is close to that 
obtained from pion-nucleon scattering. 
There is no theoretical justification for 
the introduction of the spin-orbit term, 
and the parameters appearing therein 
are not given any fundamental interpre- 
tation. R. M. Thaler described an analy- 
sis of the data, using a very similar, but 
completely phenomenological, potential. 
Most of the other contributed papers 
were presentations of the increasingly 
accurate data from nucleon-nucleon 
scattering and polarization experiments 
in the (laboratory) energy runge from 
100 Mev to 6 Bev. 

The next meeting was devoted to 
“Theoretical physics.” J. Schwinger led 
off with a discussion of the structure of 
Green’s functions (threefold expectation 
values) in field theory. The object was to 
show that certain analytic properties of 
the functions follow from a simple speci- 
fication of the boundary conditions. He 
was followed by G. Kallén, who dis- 
cussed the same problem from a some- 
what different (that is, contrary) point 
of view. A series of contributed papers 
on dispersion relations in field theories 
comprised the principal part of the re- 
mainder of this session. 

The fifth session, concerning “High- 
energy collision phenomena,’ started 
with a survey of the experimental and 
theoretical situation by R. Serber. He 
came to the conclusion that a Fermi sta- 
tistical model, augmented by taking spe- 
cial account of the influence of the iso- 
baric state of the nucleon, can give a 
rough account of the multiple pion pro- 
duction processes at laboratory energies. 
However, he found that the present situ- 
ation with respect to strange particle 
production is somewhat confusing. A 
number of new experimental results on 
the production of strange particles were 
presented in contributed papers but did 
not allay the confusion. In particular, 
the production of K-mesons by gamma 
rays on protons was described by R. L. 
Walker. 

L. Alvarez led off the next gathering 
with a summary of the past year’s 
experimental developments concerning 
“Strange particle interactions.” Data 
have been amassed at a tremendous rate 
during this period. Among other things, 
this was the year in which both the ex- 
istence of the long-lived neutral K-meson 
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(suggested by Pais and Gell-Mann) and 
the existence of the 2° hyperon were 
firmly established. Alvarez also presented 


extensive data on lifetimes, masses, and - 


interactions with nucleons of strange par- 
ticles. He was followed by a series of 
contributed papers describing very recent 
results on K-, K+, K°, and 2- interac- 
tions with nuclei. The new, quantitative 
work on the cross sections for K+ and K- 
scattering from nucleons makes possible 
the beginning of a theoretical discussion 
of the interactions between K-mesons 
and nucleons. 

The big news of the year in physics 
was, of course, that concerning the non- 
conservation of parity. The discovery 
was inspired by observations on the de- 
cay properties of K-mesons, which are 
strange particles appearing in high-en- 
ergy phenomena. However, the discov- 
ery was made in the domain of low-en- 
ergy nuclear physics—that is, in beta 
decay. The connection between the two 
is simply that both K-meson decay and 
beta decay are caused by interactions 
that are classified as “weak.” In her talk 
during the seventh session, C. S. Wu’s 
apt characterization of the situation was 
this: ““My being invited here is solely on 
the strength of the weakness of the beta 
decay.” In fact, the topic, “Weak inter- 
actions,” of this session was not included 
in the original program, which had been 
prepared before the results on parity 
were obtained. In view of the very few 
months that intervened between the time 
of the discovery and of the conference, 
the amount of experimental work that 
had been done in the field was impres- 
sive. T. D. Lee, in his introductory talk, 
surveyed this work and discussed_ its 
theoretical interpretation, with special 
emphasis on the two-component neutrino 
theory suggested first by Landau and, in 
a somewhat novel form, by Salam and 
then, independently, by Lee and Yang. 
His was followed by several talks on 
beta-decay experiments related to the 
parity question. These included a sum- 
mary by Miss Wu, which was followed 
by a series of contributed papers on 
meson-decay experiments related to par- 
ity conservation. Of particular interest is 
the possibility of measuring accurately 
the magnetic moment of the muon, 
which was discussed by L. M. Lederman, 
who described the work of both the Co- 
lumbia University group and the Liver- 
pool group. 

Conclusions strongly favoring the two- 
componerit neutrino theory were drawn 
throughout this session. It is interesting 
to note that, in the 2 months following 
the conference, further experimental re- 
sults have cast serious doubt on this con- 
clusion and have led to a very confused 
picture of the beta-decay situation. 

The eighth meeting was a catchall for 
contributions related to strange particles, 
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including discussion of the decay modes, 
lifetimes, and branching ratios of these 
particles, There were also several papers 
concerned with hypernuclei, including a 
“world survey” by V. Telegdi. 

With but one exception, the ninth 
session was devoted to contributed theo- 
retical papers related to “Strange par- 
ticles and weak interactions.” The ex- 
ception was J. M. Cassels, who apolo- 
gized “for introducing an experimental 
peasant note into this otherwise very re- 
fined discussion” and then proceeded to 
describe experiments leading to the very 
puzzling fact that the decay of a pion 
into electron plus photon occurs, if at all, 
with a branching ratio less than 2 x 10-5. 
Two papers of general interest were 
those of M. Gell-Mann and J. Schwin- 
ger, describing attempts to universalize 
the scheme of interactions between nu- 
cleons, hyperons, pions, and K-mesons— 
a game initiated by Schwinger about a 
year ago, following a pattern set a few 
years earlier by Pais. Other papers de- 
scribed theoretical work in progress. 

The final session concerned “Anti- 
baryon phenomena”—in particular, an- 
tiprotons and antineutrons. Despite 
the optimistic title of the session, no 
one reported an identification of an 
antihyperon. O. Chamberlain surveyed 
recent experimental work on antinu- 
cleons, including measurements of pro- 
duction and interaction cross sections as 
well as a discussion of the character of 
antinucleon annihilations in emulsions. 
Subsequent contributed experimental pa- 
pers treated these subjects in more de- 
tail. The theoretical papers were con- 
cerned principally with the explanation 
of the interaction cross section of anti- 
nucleons with nuclei in terms of the in- 
teractions with nucleons. It seems that 
a simple optical model is capable of giv- 
ing at least a rough fit to the data, but 
the large value of the elementary (anti- 
nucleon-nucleon) cross section has yet 
to be explained. 

Aside from the exhaustion produced 
by the conference (ostensibly, everyone 
attended every session), the only disap- 
pointment was the absence of delegates 
from the U.S.S.R. Several were expected 
up to the last minute, but they cabled 
that the task of getting started with their 
new 10-Bev machine was so pressing that 
the trip was impossible. It is to be hoped 
that they will have many new and inter- 
esting results to present at the next con- 
ference. 

For the first time since the beginning 
of the series, the next conference will not 
be held at the University of Rochester. 
Instead, CERN is planning to play host 
to a similar conference in Geneva, and 
the conference will return to Rochester 
the following year. This seems a good 
occasion to express the appreciation of 
all high-energy physicists to R. E. Mar- 





shak and the University of Rochester for 
the imagination and initiative that made 
these conferences possible and for the 
tremendous amount of work that pro- 
duced such successful results. 

R. G. Sacus 
University of Wisconsin, Madison 


Royal Society of Canada 


The 75th meeting of the Royal So- 
ciety of Canada was held in Ottawa 1(- 
12 June. A society symposium on “Our 
debt to the future” was held each after- 
noon, and the final address was given by 
His Excellency the Governor-General at 
dinner on the evening of 12 June. At this 
dinner, also, His Excellency announced 
that His Royal Highness Prince Philip 
had accepted an invitation to become an 
honorary fellow of the society. 

The Royal Society of Canada includes 
fellows from the humanities, as well as 
from the sciences, and was founded on 
the joint experiences of the French 
Academy and the Royal Society of Lon- 
don. Messages of good will from these 
societies were presented at the dinner by 
the French Ambassador and the United 
Kingdom High Commissioner. 

Sections of the society held meetings 
in the mornings only. Section III (mathe- 
matical, chemical, and physical sciences) 
held a symposium on “Symmetry,” intro- 
duced by its president, H. S. M. Coxeter, 
who discussed “Crystal symmetry” and 
its generalizations. A number of miscella- 
neous papers on mathematics and chem- 
istry were also read. Section IV (geo- 
logical sciences) heard a presidential ad- 
dress by H. C. Gunning and held a sym- 
posium on “Hydrology,” and a number 
of individual papers were read. Section 
V (biological sciences) was addressed by 
its president, W. H. Cook, on “Research 
in the biosciences: a mid-century per- 
spective” and by T. W. M. Cameron on 
“Parasitology and the Arctic”; a posthu- 
mous paper by G. Lyman Duff on the 
“Aetiology and pathogenesis of arterio- 
sclerosis” was also presented. 


AAAS Finances: Report for 1956 


The financial records of the American 
Association for the Advancement of Sci- 
ence are kept in two separate accounts. 
One—the Current Fund (or operating 
account )—shows the expenses of running 
the association’s ordinary, continuing ac- 
tivities and the income that is devoted 
to those activities; the other—the Invest- 
ment Account—includes funds that have 
been given to the association to endow 
prizes, to pay the cost of maintaining the 
membership of emeritus and life mem- 
bers, and to support research. 
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Current Fund 


Operating receipts totaled $719,233.81 
during 1956. They were divided as fol- 
lows. 


Annual dues paid by mem- 
bers $306,003.52 
Extra payments by members 
who wanted to receive both 
Science and The Scientific 
Monthly 

Money transferred from the 
Investment Account to pay 
for subscriptions for emer- 
itus and life members 

Journal subscriptions from 
nonmembers 

Sales of individual copies of 
journals 

Advertising in Science 
Advertising in The Scientific 
Monthly 

Sale of symposium volumes 

Miscellaneous sales, includ- 
ing journal binders, asso- 
ciation emblems, and Mi- 
crocard edition of Science 

Annual meeting: registra- 
tion fees, exposition space, 
advertising in program, and 
contributions 

Income from investment of 
funds not needed in check- 
ing account 

Rental income from third 
floor and garage of new 
building 

Allowance for expenses in- 
curred in administering 
grants 

Miscellaneous receipts 


22,237.15 


3,568.50 
66,065.03 


2,466.96 
203,285.25 


11,598.03 
21,015.22 


2,948.87 


41,906.31 
8,489.56 
11,350.65 


16,820.61 
1,478.15 


Total $719,233.81 


These receipts amounted to $1227.96 
more than the operating expenses. This 
amount, therefore, was the association’s 
surplus for the year. The principal items 
of expense were 


Printing and editing Science 
and The Scientific Monthly $378,164.95 
Editorial Board expenses and 


honoraria 6,422.17 
Cost of selling advertising in 

the two journals 54,506.96 
Printing and editing sym- 

posium volumes 21,807.12 
Cost of emblems, binders, 

Microcards 1,735.26 
Meetings of boards and com- 

mittees 11,098.65 
Contribution to Scientific 

Manpower Commission 1,000.00 
Recruitment of new mem- 

bers (exclusive of salaries) 9,109.51 
Expenses of the annual 

meeting 34,365.44 
Press service for annual 

meeting 4,901.56 
Allowances ($1 per mem- 

ber) to Pacific, Southwest- 

ern and Rocky Mountain, 

and Alaska Divisions 7,772.00 
Expenses of AAAS sections 5,303.69 
Administrative staff salaries 

and general expenses 121,950.28 
Rental of temporary quar- 

ters during construction of 

new building 7,613.00 
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Building maintenance 23,744.60 
Real estate taxes 9,643.05 
Depreciation of building 13,691.40 
Depreciation of furniture 

and equipment 2,796.58 
Miscellaneous other expenses 2,379.63 
Total $718,005.85 


Comparison of 1956 with 1955 


Receipts in 1956 were $116,813.13 
above those for 1955. Over half of the 
increase was derived from advertising in 
Science, $61,231. Other increases were 
noted in annual dues, $17,195; the New 
York meeting as compared with that in 
Atlanta, $14,435; increased activity in 
administering grants, $13,439; rental 
from the new building in excess of 
rental from the old residential build- 
ings, $10,272; and nonmember subscrip- 
tions, $5439. 

Operating expenses in 1956 were 
greater by $124,329 than they were in 
1955. The largest increases were in the 
cost of housing the association’s offices, 
the cost of publishing the association’s 
journals, administrative expenses, and 
the cost of securing advertisements. The 
cost of renting office space during part 
of the year and maintaining the new 
building, including real estate tax and 
depreciation, resulted in increased ex- 
penses of $35,105. Printing and editing 
Science and The Scientific Monthly cost 
$33,744 more in 1956 than in 1955. Ad- 
ministrative and general expenses were 
$22,635 higher in 1956, and it cost $18,- 
405 more to solicit advertising in the 
association’s journals, 


Investment Account 


To keep them separated from current 
funds and grants for special activities, 
the association holds its endowment and 
investment funds in a separate Invest- 
ment Account. Although the association 
has some leeway in the handling of these 
funds, ordinarily the income is used and 
the principal left intact. Disbursements 
during 1956 were as follows. 


Income allocated to Gordon 


Research Conferences $1,624.47 
Transfer to Gordon Re- 

search director’s fund 10,000.00 
Newcomb Cleveland prize 1,000.00 
Socio-psychological prize 

and expense 1,016.41 
Grants to academies of sci- 

ence to use in support of 

research 4,371.00 
Transferred to operating ac- 

count to pay for journal 
subscriptions for emeritus 

and life members 3,568.50 
Expenses of managing in- 

vestments 1,794.97 


The accompanying statement of re- 
ceipts and disbursements from this ac- 
count also shows that $119,704 was spent 
for the purchase of securities. This 
amount was derived from the sale of 


other securities, $99,884; from a pay- 
ment from the estate of Margaret Smith 
Young, $11,811; from life membership 
fees, $3488; and in part from the invest- 
ment income of $23,766. 

At the end of 1956 the Investment 
Account showed assets of $451,368, of 
which $26,502 consisted of endowment 
for the Gordon Research Conferences 
and $424,865 was for the other purposes 
mentioned in the first paragraph of this 
report. The funds in the Investment Ac- 
count were distributed as follows. 





Book Market 

value value 
Cash $ 12,542.26 $ 12,542.26 
U.S Govern- 

ment bonds 76,237.50 70,680.00 

Other bonds 116,082.95 107,350.00 
Preferred stocks 58,908.59 51,320.00 
Common stocks 187,597.21 269,955.00 
Total $451,368.51 $511,847.26 


Consolidated Balance Sheet 


In order to give a view of the asso- 
ciation’s financial position, the figures 
from the Current Fund and Investment 
Account have been combined here. At 
the end of 1956, the consolidated bal- 
ance sheet showed the following assets. 


Cash $ 147,315.17 
Money owed to the associa- 

tion 35,433.99 
Money invested in securi- 

ties 804,783.40 
Value of new building and 

land 886,155.46 
Value of new furniture and 

equipment 46,690.84 
Total $1,920,378.86 


Offsetting these assets, as they always 
must in a balance sheet, were liabilities, 
as shown in the following list. 


Accounts payable to others$ 115,408.37 
Unexpended portions of 
grants from Carnegie Cor- 
poration, National Science 
Foundation, and General 
Electric Educational and 
Charitable Fund 

1957 dues and_ subscrip- 
tions received, but for 
which members and other 
subscribers had not yet re- 
ceived journals or other 
services 

Mortgage payable in 9.5 
years 167,503.46 
Endowment’ funds for 
prizes, research grants, 
life and emeritus mem- 
bers’ subscriptions, and 
general purposes 

Building fund (contribu- 
tions and earlier surplus 
invested in the associa- 
tion’s building) 
Unallocated funds 


101,067.37 


300,867.75 


421,555.75 


718,652.00 
95,324.16 


Total $1,920,378.86 
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Grants Received in 1956 


Among the liabilities shown is an item 
of $101,067 which represented the un- 
expended portions of grants made to 
the association. The grants received are 
briefly accounted for in the following 
paragraphs. 

From the Carnegie Corporation, the 
association received $100,000 on 1 July 
1956. This amount was the second pay- 
ment of a grant of $300,000 to support 
the AAAS Science Teaching Improve- 
ment Program. In addition, $88,337 was 
available representing the unexpended 
balance as of 1 Jan. 1956. During the 
year, a total of $130,184 was paid out 
for this program—including $77,085 to 
four centers for the study of the use of 
science counselors, The unexpended bal- 
ance on 31 Dec. was $58,153. 

For Conferences on Mathematics In- 
struction, the association received $6000 
from the Carnegie Corporation. The un- 
expended balance on 31 Dec. was $4240. 

The General Electric Educational and 
Charitable Fund granted the association 
$12,000 for a program for Regional 
Consultants on Science and Mathe- 
matics. The balance on 31 Dec. was 
$10,267. 

The National Science Foundation fol- 
lowed up its 1955 grant during 1956 with 
a payment of $65,100 to continue on a 
larger scale the project of Traveling 
High-School Science Libraries. The bal- 
ance on 1 Jan. had been $8946. On 31 
Dec. there remained on hand $28,406. 


Auditor’s Report 


A condensed statement of the associa- 
tion’s finances for 1956, prepared by the 
firm of G, P. Graham and Company, is 
published herewith: Balance sheets and 
statements of receipts and expenditures 
are given separately for the Current 
Fund and the Investment Account. The 
portion of the auditor’s report published 
here does not include funds for the Gor- 
don Research Conferences. The confer- 


ences, after a continuous existence for 25° 


years, were incorporated as a separate 
unit during 1956. 

Hans NusspauM 
Business Manager, AAAS 


Washington 5, D.C., 25 June 1957 
To the Council of the 
American Association for the 
Advancement of Science 
Washington, D.C. 

We have examined the balance sheet of the Cur- 
rent Fund of the American Association for the 
Advancement of Science as at 31 Dec. 1956, and 
the statement of revenue and expenditures for the 
year then ended. Our examination was made in 
accordance with generally accepted auditing stand- 
ards, and accordingly included such tests of the 
accounting records and such other auditing pro- 
cedures as we considered necessary in the circum- 
stances, 

In our opini the accompanying statements 
present fairly the financial position of the Current 
Fund of the American Association for the Ad- 
vancement of Science as at 31 Dec. 1956, and the 
results of its operations for the year then ended. 

G. P. Granam & Company 
By G. R. Bowers 
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AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE CuRRENT FuND 


BALANCE SHEET AS AT 31 Dec. 1956 





Liabilities and net worth 
Accounts payable 
Unexpended balances of grants 


High-school libraries $ 28,406.27 
Science teaching improvement program 58,153.05 
Conference on mathematics instruction 4,240.55 
Regional consultants on science and math- 

ematics teaching program 10,267.50 

Deferred income 

Prepaid dues $239,202.43 
Prepaid subscriptions 61,665.32 


Mortgage payable ‘ 
Reserve fund 
Unallocated funds 


Balance 1 Jan. 1956 $368,853.83 
Add: Excess of revenue over expenditures $ 1,227.96 
Building fund 193,894.37 195,122.32 





Balance 31 Dec. 1956 


Assets 

Cash on deposit $ 131,272.91 
‘ Imprest funds 3,075.00 
Accounts receivable 35,433.99 
Deposit with airline 425.00 
Investments 392,459.90 
Land 115,875.00 

Building $783,971.86 
Less allowance for depreciation 13,691.40 770,280.46 

Furniture and equipment $ 49,487.42 
Less allowance for depreciation 2,796.58 46,690.84 
$1,495,513.10 


$ 112,098.36 


101,067.37 


300,867.75 


167,503.46 
250,000.00 


563.976.16 
$1,495,513.10 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE CURRENT FUND 
STATEMENT OF REVENUE AND EXPENDITURES FOR THE YEAR ENDED 31 Dec. 1956 


Revenue 
Dues 
Journals 
Subscriptions 
From investment account (life, 50-year 





$306,003.52 





and emeritus members ) $ 3,568.50 
Members special subscriptions 22,237.15 
Nonmember subscriptions 66,065.03 $ 91,870.68 
Advertising — 214,883.28 
Miscellaneous sales 2,466.96 309,220.92 
Publications 
Binders $ 1,050.52 
Symposium volumes 21,015.22 22,065.74 
New York meeting and exposition 41,906.31 
Income from investments 8,489.56 
Rental income 11,350.65 
Miscellaneous 20,197.11 
$719,233.81 
Expenditures 
Administrative and general expense $ 45,766.36 
Business office 76,183.92 
Building expenses 33,387.65 
Rental of temporary offices 7,613.00 
Depreciation—building and equipment 16,487.98 
Board of directors 6,537.61 
Other committees 4,561.04 
Allowance to divisions 7,772.00 
Section expense 5,303.69 
Circularization—new members 9,109.51 
Annual meeting and exposition 39,267.00 
Journals 439,094.08 
Publications 22,377.40 
Miscellaneous 4,544.61 718,005.85 
Excess of revenue over expenditures $ 1,227.96 
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Washington 5, D.C., 25 June 1957 


To the Council of the 
American Association for the 
Advancement of Science 
Washington, D.C. 

We have examined the balance sheet of the In- 
vestment Account of the American Association for 
the Advancement of Science as at 31 Dec. 1956, 
and the statement of cash receipts and disburse- 
ments for the year then ended. Our examination 
was made in accordance with generally accepted 


auditing standards, and accordingly included such 
tests of the accounting records and such other 
auditing procedures as are considered necessary in 
the circumstances. 

In our opinion, the accompanying financial state- 
ments present fairly the financial position of the 
Investment Account of the American Association 
for the Advancement of Science as at 31 Dec. 1956, 
and the cash receipts and disbursements for the 
year then ended. 

G. P. Granam & Company 
By G. R. Bowers 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE INVESTMENT AccouNT 
BALANCE SHEET AS AT 31 Dec. 1956 


Cash in bank 


Securities—at cost 


Assets 


Liabilities and Reserves 


Liabilities 
Academy grants 
Special academy grants 


Endowment funds 
For research 
For general purposes 
For special purposes 





$ 12,542,26 
412,323.50 
$424,865.76 
$ 3,185.01 
125.00 $ 3,310.01 
$179,778.85 
173,618.80 
68,158.10 421,555.75 
$424,865.76 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE INVESTMENT ACCOUNT 
STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS FOR THE 
YEAR ENDED 31 Dec. 1956 


Cash balance 1 Jan. 1956 
Receipts 
Income from investments 
Redemption and sale of securities 
Life membership fees 
Gifts 
Special academy grants 
Deceased emeritus life membership fees 


Disbursements 
Accounts payable 


Income allocated to Gordon Research Conferences 
Transfer to Gordon Research Conferences 


Securities purchased 
Newcomb Cleveland prize 
Socio-psychological prize and expense 
Academy grants 
Special academy grants 
Emeritus life membership fees 
(from Jane M. Smith fund) 
Deceased emeritus life membership fees 
(to Jane M. Smith fund) 


Journal subscriptions (life, 50-year, and emeritus members) 


Expenses 


Cash balance 31 Dec. 1956 


$ 16,334.46 


$ 23,766.29 
99,884.24 
3,788.50 
11,811.04 
400.00 


1,100.00 140,750.07 





$157,084.53 


$ 62.00 
1,624.47 
10,000.00 
119,704.92 
1,000.00 
1,016.41 
3,621.00 
750.00 


300.00 


1,100.00 
3,568.50 
1,794.97 


144,542.27 
$ 12,542.26 





Heart Association 


The American Heart Association’s 
30th Scientific Sessions, to be held in 
Chicago, IIl., 25-28 Oct., will com- 
memorate the 300th anniversary of the 
death of William Harvey, the English 
scientist who discovered the circulation 
of blood. The sessions, at which scien- 
tists and physicians will report on the 
most recent advances in knowledge of 
heart -and circulatory diseases, will be 
part of the association’s 33rd annual 
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meeting, which will extent through 29 
Oct. Among the groups taking part in 
the presentation of papers and panels 
at the scientific sessions will be the asso- 
ciation’s councils and sections special- 
izing in basic science, circulation, clin- 
ical cardiology, cardiovascular surgery, 
high blood pressure research, rheumatic 
fever and congenital heart disease, and 
community service and education. 

The national delegate body of the 
association, the assembly, will be in full 
session on 29 Oct. to review recommen- 








dations made by assembly panels and 
to elect the officers of the association 
and members of the board of directors. 
Meeting concurrently with the scientific 
sessions will be the annual Staff Con- 
ference of Heart Associations, at which 
staff members of many of the associa- 
tion’s 57 affiliates and 350 chapters will 
discuss programs concerned with com- 
munity services, school health, profes- 
sional education, fund raising, and other 
problems. 


International Conference on 
Peaceful Uses of Atomic Energy 


The Secretary-General of the United 
Nations, Dag Hammarskjold, has an- 
nounced the provisional agenda for the 
second International Conference on the 
Peaceful Uses of Atomic Energy, which 
will be held in Geneva 1-13 Sept. 1958. 
Plans for this conference have been made 
by the Secretary-General and an advisory 
committee that is composed of repre- 
sentatives from Brazil, Canada, France, 
India,.the U.S.S.R., the United King- 
dom, and the United States. 

The provisional agenda provides for a 
series of general sessions on subjects in- 
cluding the future of nuclear power, ex- 
perience with nuclear power plants, use 
of nuclear energy for purposes other than 
production of electricity (for example, 
marine propulsion), the possibility of 
developing thermonuclear power (by fu- 
sion instead of fission), progress in the 
use of radioactive isotopes, and health 
and safety aspects of nuclear power pro- 
grams. In addition, four series of tech- 
nical sessions will be held on specific 
problems involved in atomic energy pro- 
grams. 

Titles and abstracts of papers to be 
presented at the conference are to be 
submitted by 1 Mar. 1958 and the full 
texts by J June 1958. 


Forthcoming Events 


October 


13-18. American Acad. of Ophthalmol- 
ogy and Otolaryngology, annual, Chicago, 
Ill. (W. L. Benedict, 100 First Avenue 
Bldg., Rochester, Minn.) 

14-16. Association of Official Agricul- 
tural Chemists, 71st annual, Washington, 
D.C. (W. Horwitz, Box 540, Benjamin 
Franklin Station, Washington 4.) 

14-18. American College of Surgeons, 
43rd annual clinical cong., Atlantic City, 
N.J. (ACS, 40 E. Erie St., Chicago 11, 
Ill.) 

14-18. American Soc. of Civil Engi- 
neers, New York, N.Y. (W. H. Wisely, 
ASCE, 33 W. 39 St., New York 18.) 

14-18. International Industrial Devel- 
opment Conf., San Francisco, Calif. (E. S. 
Prentice, Stanford Research Inst., Menlo 
Park, Calif.) 

16-23. Enzyme Chemistry, internatl. 
symp., Tokyo and Kyoto, Japan. (Inter- 
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THE HICKOK ELECTRICAL INSTRUMENT COMPANY 
v3 5868 BROADWAY CHICAGO 40, ILL. 10534 DUPONT AVENUE ¢ CLEVELAND 8, OHIO 
of 
u- 
he ——— = 
th 
Lg Enthusiastically accepted by clinical 
laboratories all over the world— Certainly the procedure of choice for 

c 
‘0- Sigma’s New Colorimetric Procedure for SERUM PHOSPHATASE 
+ SERUM GO- and GP- TRANSAMINASE SIGMA 104 PHOSPHATASE SUBSTRATE 
be operates at 480 to 530 my (p-Nitrophenyl Phosphate, Sigma Grade) 
ull ENTIRE PROCEDURE REQUIRES ONLY 4 SIMPLE STEPS! 100 DETERMINATIONS, Complete Kit, #104 —$ 9.30 
1, Add 0.2 ml serum to 1 ml Prepared Substrate at 37° or 40°C. 200 DETERMINATIONS, Complete Kit, #104A—$13.00 
2. After 60 minutes, add 1 ml Color Reagent (wait only 30 
minutes after determining SGP-T). Complete trial kit #104S available gratis 
3. After 20 minutes at room temperature, add 10 ml 0.4N NaOH. (40 acid or alkaline determinations) 
4. After 30 minutes more, read vs water at approximately 505 mp. P 
Ask for Bulletin #104 
“ MINIMUM KIT (100 Determinations) Stock No. 505—$13.50 
? For SGP-T add substrate, Stock No. 505-51—$6.00 
Bc NEW! TECHNICAL BULLETIN +500 
DOES NOT REQUIRE an ultraviolet spectrophotometer The Original Berger-Broida 
ule or deproteinization with T.C.A., or centrifuging, or COLORIMETRIC PROCEDURE FOR 
on, extraction with Toluene as in other published methods. SERUM LACTI C DEHYDROGENASE 
nin DO NOT CONFUSE THIS PROCEDURE : : 
WITH OTHER COLORIMETRIC METHODS ae oe 
ns, THAT ARE OF QUESTIONABLE ACCURACY 
Y: Ss ATISF. ACTION WITH THE SIGMA PROCEDURE Catalog available on request offering the world’s most 
, IS ABSOLUTELY GUARANTEED. complete list of high purity nucleotides 
P \ 
<a Write for our Bulletin #505 PHONE COLLECT: DAN BROIDA 
ely, 
Call Sigma for 
< sn rome cia N) I G MA St. Louis, 
lo onesie CHEMICAL COMPANY Ofc: PR 15750, 
Home: WY 3-6418 
atl. 3500 DeKalb STREET, ST. LOUIS 18, MO., U.S.A. 
ter- MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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d re ct- re ad n g a Get E€ lov wae et akicse 
syri nge M [ C R 0 B U R E T These Apiezon products have the recog- 
over 99 » A accu rate APIEZON --. ei Hil Pa woes es 


Because of the exceedingly low vapor 

OILS pressure of all these oil distillates, at usual 
room temperatures, they are in great de- 

work, 


WAXES © tari poe 
a cane 
room temperature. | : . 
GREASES As the exclusive distributor in the 
States, we offer immedia 








INTERCHANGEABLE SYRINGES SPEED 
MULTIPLE SAMPLE ANALYSIS 


One SB-2 Buret stand gives you the service of an 
infinite number of Microburets simply by changing 
syringes for desired volume delivery or reagent. 
Mechanical control through calibrated gauge. No 
mercury! 


Syringes available with volume deliveries of 0.2 to 
5.0 ul per division. 


Request Bulletin SB-2 
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national Symp. on Enzyme Chemistry, 
Science Council of Japan, Ueno Park, 
Tokyo. ) 

17-18. American Ceramic Soc., 10th. 
Pacific Coast mtg., San Francisco, Calif. 
(C. E. Pearce, ACS, 4055 N. High St., 
Columbus 14, Ohio.) 

17-18. Industrial Hydraulics, natl. 
conf., Chicago, Ill. (Conference Secrc- 
tary, Armour Research Foundation, 10 W. 
35 St., Chicago 16.) 

17-19. Indiana Acad. of Science, 
Greencastle. (H. Crull, Dept. of Mathe- 
matics, Butler Univ., Indianapolis 7, Ind.) 

17-19. Optical Soc. of America, Co- 
lumbus, Ohio. (S. S. Ballard, Visibility 
Lab., Scripps Institution of Oceanog- 
raphy, San Diego 52, Calif.) 

18-19. National Soc. of Professional 
Engineers, Bismark, N.D. (P. H. Robbins, 
2029 K St., NW, Washington 6.) 

19. American Acad. of Psychotherapists, 
2nd annual, New York. (G. Dolger, 11 
Riverside Dr., New York 23.) 

19-26. Social Work, 3rd Pan American 
cong., San Juan, Puerto Rico. (A. Porrata 
Dorla, Apartado 3271, San Juan.) 

20-22. American College of Apothe- 
caries, St. Louis, Mo. (R. E. Abrams, 
Hamilton Court, Chestnut and 39 St., 
Philadelphia, Pa.) 

20-27. International Soc. of Surgery, 
17th cong., Mexico, D.F., Mexico. (P. 
Martin, ISS, 141, rue Bellieard, Brussels, 
Belgium. ) 

21. Air Pollution Symp., 2nd annual, 
Philadelphia, Pa. (A. D. Hollingsworth, 
Franklin Inst., Benjamin Franklin Park- 
way at 20th, Philadelphia 3.) 

21-25. Medical Aspects of Workmen’s 
Compensation, New York. (Office of As- 
sociate Dean, New York Univ. Post-Grad- 
uate Medical School, 550 First Ave., New 
York 16.) 

21-26. Ultra High Frequency Circuits 
and Antennas, internatl. conf., Paris. 
France. (Congrés Circuits et Antennes 
Hyperfréquences, Société des Radioélec- 
triciens, 10, Avenue Pierre-Larousse, 
Malakoff (Seine), France.) 

22. American Soc. of Safety Engineers, 
annual, Chicago, Ill. (J. B. Johnson, 
ASSE, 425 N. Michigan Ave., Chicago 
11.) 

22-25. American Dietetic Assoc., an- 
nual, Miami, Fla. (Miss R. M. Yakel, 
ADA, 620 N. Michigan Ave., Chicago 11, 
Ill.) 

23-25. American Soc. of Body Engi- 
neers, Detroit, Mich. (E. W. Lange, 
ASBE, 100 Farnsworth, Detroit 2.) 

24-25. Computer Applications Symp., 
Chicago, Ill. (Conference Secretary, Ar- 
mour Research Foundation, 10 W. 35 St., 
Chicago 16.) 

24-25. Engineers General Assembly, 
New York, N.Y. (Engineers Joint Coun- 
cil, 29 W. 39 St., New York 18.) 

24-25. New Mexico Acad. of Science, 
annual, Albuquerque. (W. J. Koster, 
Dept. of Biology, Univ. of New Mexico, 
Albuquerque. ) 

24-26. Acoustical Soc. of America, Ann 
Arbor, Mich. (W. Waterfall, ASA, 57 E. 
55 St., New York 22.) 

24-27. American Soc. for Aesthetics, 
annual, Washington, D.C. (T. Munro, 
Cleveland Museum of Art, Cleveland 6, 
Ohio. ) 
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24-5. Pan Indian Ocean Science Assoc., 
3rd cong., Tananarive, Madagascar. (R. 
Paulian, Institut de Recherche Scienti- 
fique, B.P. 434, Tananarive. ) 

25-26. Kentucky Acad. of Science, 
Berea. (G. Levey, Berea College, Berea.) 

25-26. Midwest Conf. on Biology 
Teaching in Colleges and Smaller Uni- 
versities, Des Moines, Iowa, (L. P. John- 
son, Dept. of Biology, Drake Univ., Des 
Moines 11.) 

25-28. American Heart Assoc. Scien- 
tific Sessions, Chicago, Ill. (Medical Di- 
rector, AHA, 44 E. 23 St., New York 10.) 

26. American Mathematical Soc., Wash- 
ington, D.C. (J. H. Curtiss, AMS, 190 
Hope St., Providence 6, R.I.) 

27-1. Atom Fair, New York, N.Y. 
(Atomic Industrial Forum, 3. E. 54 St., 
New York 22.) 

28-30. Association of Military Surgeons 
of the U.S., annual, Washington, D.C. (R. 
E. Bitner, AMSUS, Suite 718, 1726 Eye 
St., Washington 6.) 

28-31. American Nuclear Soc., 2nd 
winter, New York, N.Y. (J. Burt, J. M. 
Mathes, Inc., 260 Madison Ave., New 
York 16.) 

29-31. Entomological Soc. of Canada, 
annual, Lethbridge, Alta., Canada. (R. H. 
Wigmore, Science Service Bldg., Carling 
Ave., Ottawa 3, Ont.) 

29-3. Photoperiodism in Plants and 
Animals, internatl. conf., Gatlinburg, 
Tenn. (R. Winthrow, Division of Radia- 
tion and Organisms, Smithsonian Inst., 
Washington 25, D.C.) 

30-2. American Soc. of Parasitologists, 





annual, Philadelphia, Pa. (P. E. Thomp- 
son, Research Div., Parke, Davis & Co., 
Detroit 32, Mich.) 

30-2. American Soc. of Tropical Medi- 
cine and Hygiene, annual, Philadelphia, 
Pa. (R. B. Hill, 3575 St. Gaudens Rd., 
Miami 33, Fla.) 

30-2. Federation of Paint and Varnish 
Production Clubs, 35th annual, Philadel- 
phia, Pa. (FPVPC, 121 S. Broad St., 
Philadelphia 7.) 

31. Reactor Safety Conf., New York, 
N.Y. (Atomic Industrial Forum, 3 E. 54 
St., New York 22.) 

31-2. Engineering and Scientific Edu- 
cation Conf., Chicago, Ill. (J. E. Harring- 
ton, Western Soc. of Engineers, 84 E. 
Randolph St., Chicago 1.) 

31-2. Gerontological Soc., annual, 
Cleveland, Ohio. (N. W. Shock, Balti- 
more City Hospitals, Baltimore 24, Md.) 


November 


2-8. World Metallurgical Cong., 2nd, 
Chicago, Ill. (W. H. Eisenman, American 
Soc. for Metals, 7301 Euclid Ave., Cleve- 
land 3, Ohio.) 

2-10. Measuring Instruments and Auto- 
mation, internatl. cong., Diisseldorf, Ger- 
many. (Nordwest Deutsche Ausstellungs 
Gesellschaft, M.B.H., Ehrenhof 4, Diissel- 
dorf.) 

3. American College of Dentists, an- 
nual, Miami, Fla. (O. W. Brandhorst, 
4221 Lindell Blvd., St. Louis 8, Mo.) 

3. Society of Vertebrate Paleontology, 
annual, Philadelphia, Pa. (J. T. Gregory, 





EiY TuAIN ID 


clinical 
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Provides known values for: Creatinine 
Chloride 
Cholesterol Non-Protein Nitrogen 
Calcium 


chemistry 
serum 





Total Protein 
Potassium 
Sodium 

Uric Acid 


Protein-bound lodine 
Phosphorus, inorganic 


Urea Nitrogen 


NOT A SYNTHETIC—prepared from freshly drawn human blood 


\ ACCURATE AND STABLE—each production lot assayed by 3 independent 
laboratories. The 12 components consistently found reproducible 
and stable are charted for each lot. 


Available in 5 cc. vials, 6 per box 


HVLAND LABORATORIES 
4501 Colorado Bivd., Los Angeles 39, Calif. ¢ 252 Hawthorne Ave., Yonkers, N.Y. 





MODEL 2500 





® 


“America’s finest 
laboratory hot plate” 





7” diameter 


The best that money can buy in its com- 
parable size range. Extra sensitive ther- 
mostat provides stepless control with less 
than 3° variation at any point from 
room temperature to 370°C. Beautiful 
and durable construction . . . smooth 
cast aluminum top plate, bright stainless 
steel case. Scientifically ventilated for 
cool, safe operation. Contact your lab- 
oratory supply house or write for prices 
and descriptive catalog on this and other 
fine hot plates in the TEMCO Line. 


THERMO ELECTRIC MFG. CO. 
458 Huff Street, Dubuque, Iowa 











VENOMS 


AAAS Symposium Volume No. 44 


6” x 9’, 480 pp., 113 illus., 
index, cloth, Dec. 1956 


Price $9.50. AAAS Members’ 
cash order price $8.25 


First International Conference 
on Venoms, with 95 contribu- 
tors from 18 countries. Com- 
prehensive coverage of all as- 
pects of the problem. 


This book covers poisonous fishes and 
marine organisms, many species of 
venomous snakes, the Gila monster, 
toads, scorpions, spiders, caterpillars, 
wasps and other venom-bearing insects; 
hyaluronidaselike substances and other 
spreading factors in venoms; various 
chemical components of venoms, coagu- 
lant and anticoagulant factors, antigenic 
principles; various experimental and sug- 
gested clinical uses of venoms; clinical 
considerations: mortality rates, treat- 
ment of many kinds of envenomation; 
new developments in serotherapy and 
types of supplementary medication; dan- 
gers of refrigeration for treatment. 


Of special interest to: Physicians, 
pharmacologists, chemists, and zoolo- 


gists. 
AAAS 


1515 Mass. Ave., NW, Washington 5, D.C. 





NEW!...Choice of band-width! 


The famous Coleman Junior Spectrophotometer 

is now available with a choice of band-width: 
Models 6A and 6C with 35 millimicrons—time-tested 
and proved through 10 years of distinguished service in 


laboratories throughout the world. 


The new Model 6D at 20 millimicrons 
for the analyst desiring the increased 
resolution of restricted band-width. 
Whichever you choose, you'll find 

the Coleman Junior your quickest, 

most convenient way to obtain precise 
analytical data ... that’s why more 
Colemans are now in use than any 
similar instrument. 


Write today for “Coleman Tools for 
Science,” contains discussion of analy- 
sis with light, plus complete descrip- 
tion of all Coleman Instruments 


Coleman Junior Spectrophotometer 





Dept. S. Coleman Instruments, Inc., Maywood, Ill. 








Peabody Museum, Yale Univ., New 
Haven, Conn.) 

3-9. Pan American Cong. of Pharmacy 
and Biochemistry, 4th, Washington, D.C. 
(G. Griffenhagen, Smithsonian Institu- 
tion, Washington 25.) 

4-5. Crystal Structure Analysis by IBM 
704 Computer, NBS Conf., Washington, 
D.C. (V. Vand, Pennsylvania State Univ., 
University Park.) 

4-5. Society of Vertebrate Paleontology, 
technical sessions, Atlantic City, N.J. (J. 
T. Gregory, Peabody Museum, Yale Univ., 
New Haven, Conn.) 

4-6. Analytical Chemistry in Nuclear 
Reactor Technology, Gatlinburg, Tenn. 
(D. D. Cowen, Oak Ridge National Lab- 
oratory, P.O. Box X, Oak Ridge, Tenn.) 

4-6. Geological Soc. of America, an- 
nual, Atlantic City, N.J. (H. R. Aldrich, 
GSA, 419 W. 117 St., New York 27.) 

4-6. Mineralogical Soc. of America, an- 
nual, Atlantic City, N.J. (C. S. Hurlbut, 
Jr., Dept. of Mineralogy, Harvard Univ., 
Cambridge 38, Mass. ) 

4-6. Paleontological Soc., annual, At- 
lantic City, N.J. (H. B. Whittington, Mu- 
seum of Comparative Zoology, Harvard 
Univ., Cambridge 38, Mass. ) 

4-6. Society of Economic Geologists, 
annual, Atlantic City, N.J. (H. M. Ban- 
nerman, U.S. Geological Survey, Wash- 
ington 25.) 

4-7. American Dental Assoc., annual, 
Miami, Fla. (H. Hillenbrand, 222 E. 
Superior St., Chicago 11, Ill.) 

6-8. Electrical Techniques in Medicine 
and Biology, Boston, Mass. (H. S. Kind- 
ler, Instrument Soc. of America, 313 Sixth 
Ave., Pittsburgh 22, Pa.) 

7-8. Society for Applied Spectroscopy, 
12th annual, New York, N.Y. (J. Han- 
sen, 27 Tulsa Ave., Metuchen, N.J.) 

7-8. Television and Radio in the Health 
Field, conf., Chicago, Ill. (American Med- 
ical Assoc., 535 N. Dearborn St., Chicago 
10.) 

7-9. Animal Care Panel, 8th annual, 
San Francisco, Calif. (R. J. Flynn, ACP, 
Box 299, Lemont, Ill.) 

7-9. Society of Rheology, annual, 
Princeton, N.J. (W. R. Willets, Titanium 
Pigment Corp., 99 Hudson St., New York. ) 

10-13. Society of American Foresters, 
57th annual, Syracuse, N.Y. (H. Clepper, 
SAF, 415 Mills Bldg., Washington 6.) 

10-13. Xi Sigma Pi, Syracuse, N.Y. (J. 
R. Parker, School of Forestry, Univ. of 
Georgia, Athens. ) 

10-14. Society of Exploration Geo- 
physicists, 27th annual, Dallas, Tex. (J. 
C. Hollister, Colorado School of Mines, 
Golden. ) 

11-13. Radio Fall Meeting, IRE, 
Toronto, Ont., Canada. (V. - Graham, 
RETMA, 11 W. 42 St., New York 26.) 

11-14, American Petroleum Inst., 37th 
annual, Chicago, Ill. (API, 50 W. 50 St., 
New York 20.) 

11-15, American Public Health Assoc., 
85th annual, Cleveland, Ohio. (R. M. 
Atwater, APHA, 1790. Broadway, New 
York 19.) ; 

11-15, American Soc. of Professional 
Biologists, annual, with American Public 
Health Assoc., Cleveland, Ohio. (A. F. 
Borg, Dept. of Bacteriology, Kansas State 
College, Manhattan. ) 


(See issue of 16 August for comprehensive list) 
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New OXFORD 
Scientific Texts 
and Monographs 


Contact Catalysis 
Third Edition 
By R. H. GRIFFITH. This vol- 


ume accounts for ten years of 
great activity in the theoretical 
and experimental study of hetero- 
geneous catalysts, including such 
important subjects as the physics 
of the solid state and of gas-solid 
systems, the significance of the 
electronic factor in catalysis, and 
hydrocarbon reactions. $8.00 


Electricity and 
Magnetism 


By BETTY ISABELLE BLEA- 
NEY and BREBIS BLEANEY. 
A comprehensive textbook giving 
an up-to-date account of the 
theory and experimental aspects 
of electricity and magnetism. 
Principal subjects included are: 
electrostatics, electric currents 
and magnetic fields, magneto- 
statics and magnetic effects; al- 
ternating current theory. and elec- 
tromagnetic waves, etc. $10.10 


Theories of 
Nuclear Moments 


By ROGER JOHN  BLIN- 
STOYLE. The first of a new 
series of monographs at the post- 
graduate level on physics and 
related subjects. In this volume 
facts learned in the laboratory 
are compared with theoretical 
predictions on the electro-mag- 
netic moments of the nucleus 
most of which have been based 
on a simplified model of the nu- 
cleus. 1.40 


The Detection and 
Measurement of 
Infra-Red Radiation 


By R. A. SMITH, F. .E. JONES, 
and R. P. CHASMAR. This com- 
prehensive account of recent de- 
velopments deals with the prop- 
erties of thermal detectors such 
as thermo-piles and bolometers 
and discusses their limitations. It 
accounts for moden photo-con- 
ductive detectors which use the 
lead salts PbS, PbTe, PbSe, and 
fully treats the random fluctua- 
tions which limit the sensitivity 
of all forms of detectors. $11.20 


At all bookstores 


OXFORD UNIVERSITY PRESS, Inc. 
114 Fifth Avenue, New York 11 








FOUR INTERCHANGEABLE ROTORS 
c TY RPM RCF KG Backed by over a decade of laboratory 
: = instrument manufacturing experience, 
each LOURDES’ unit is guaranteed for 
a period of one year. 


LOURDES !NstrumMeENnt cCorRP.  Miiiiite, 


53rd STREET and Ist AVENUE ® BROOKLYN 32, N. Y. REFER TO S-97 


LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUG 













from 234 ... leaders in polyethylene ware 
FILTERING & ERLENMEYER 


POLYETHYLENE FLASKS 


for HIGH TEMPERATURE usage...HIGH TENSILE service 


e Practically unbreakable 
@ Easy to clean 


e Chemically resistant at high 
temperatures 


@ High softening point 

e Low brittleness temperature 

@ Low vapor transmission rate 

e Wide temperature utility range 





Especially constructed with heavy walls 
to withstand vacuum, these flasks hold 
up to 500 cc. 


Subject to quantity discounts of 5% in 
dozen lots . . . 10% in six dozen lots 
. one type or assorted. 





#1229 #1228 
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$ .00 Write for Catalog E 956 covering our 
each complete line of plastic laboratory 
supplies. 


Filtering Flask Erlenmeyer Flask 
500 cc. capacity 500 cc. capacity 


$ 2.50 


each 





PA 10 LABORATORY SUPPLIES, Inc. 









EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information, All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 
™GAS CHROMATOGRAPH analyzes up to 
four components of a gas stream. Tem- 
perature control of +0.2°C is provided 
for operation at temperatures up to 


110°C. Provision is made for split-col- 
umn operation. The gas-handling system 
incorporates a_ single-action, . five-way 
linear sample injection valve. Accuracy 
is +1 percent. (Beckman Instruments, 
Inc., Dept. S588) 


© MANUALLY OPERATED COMPUTING DE- 
vIcE performs harmonic analyses and 
curve fittings on plotted or recorded 
curves. A curve with maximum ampli- 
tude of 5.9 in. and horizontal span of 
9 in. can be accommodated. A longer 
curve may be subdivided for analysis. 
(Gerber Scientific Instrument Co., Dept. 
S584) 
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THE FIRST SUPPLEMENT TO THE 
RUSSIAN JOURNAL OF ATOMIC ENERGY 





| 








This significant collection is the first of the 1957 Supplements to the Soviet Journal of 
Atomic Energy. Papers were presented at the Conference on the Physics of Fission, 
Jan., 1956, at the Institute of Atomic Energy of the Academy of Sciences, USSR. 


Experimental and theoretical work on the most important problems in the physics of 
fission is reviewed in the majority of these papers, which comprise 209 pages. The 
problems considered in these 12 papers have still not ‘been solved, and a great 
deal of current research is being devoted to their solution. In the majority of cases, 
the results of this research are essentially further steps in the systematic development 
of earlier work. 


The systematic nature of this survey of the present status of the important problems 
of the physics of fission is doubly important in that it is the first of this nature. This 
Supplement is thus vital both to physicists interested in fission, and to scientists and 
engineers working in the general atomic energy field. - ; .. $30.00 





SOVIET JOURNAL OF ATOMIC ENERGY 


1957 issues 1, 2, and 3, now available 


Annual subscription, 12 issues ...... $75.00 
Special price on the Physics of Fission Supplement, to subscribers to the Consultants 
Bureau translation of the 1957 Journal of Atomic Energy .................. $20.00 


This significant Journal makes current Russian atomic energy research readily available to you. 
Consultants Bureau’s policy of presenting complete, authoritative, cover-to-cover translations by 
scientists remains unchanged. This is the only approach which makes possible the fullest utiliza- 
tion of scientific research in translation. This high standard, to “which our subscribers are 
accustomed, is maintained in the Journal of Atomic Energy, in the Supplement to it on the 
Physics of Fission, as well as in our translations of other journals and other disciplines. 


Despite the .doubling in size of ‘“‘Atomnaya Energiya’’, Consultants Bureau’s ‘price for a sub- 
scription to the complete translation for one year, 12 issues, remains 
Single issues are available at $20.00 each. Single papers are $12.50 each. 





Consultants Bureau translations by bilingual physicists. All material translated cover-to-cover, 
staple bound, clearly reproduced by the multilith process; all diagrams, photographs, and 
tabular material integral with the text. Single papers from journals are available—write for 
free Table of Contents. 


Consultants Bureau is still seeking Scientist Translators 























& 
ConsvuttTants © Buneav, INC. 


227 WEST 17th STREET, NEW YORK 11, N.Y.—U.S.A. 


Telephone: Algonquin 5-0713 e Cable Address: CONBUREAU, NEW YORK 
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® AUTO THEODOLITE detects angular dis- 
placements and provides an error signal 
which may be used to initiate automatic 
realignment. Modulated light from the 
theodolite is reflected back by a mirror, 
If the mirror is not precisely normal to 
the optic axis, some of the reflected light 
will be picked up by a light-sensitive de- 
vice. Displacements as small as 1 sec of 
arc are detected. (Perkin-Elmer Corp., 
Dept. S559) 


S ELECTRON MICROSCOPE provides direct 
magnifications up to 160,000. Resolution 
is said to be at least 1.5 my and as fine as 
1 mu when all requisites for high resolu- 
tion are met. Beam voltage is 40, 60, 80, 
or 100 kv. The vacuum system includes 
an object-chamber airlock which permits 
specimen change to be accomplished in 
1 min. The lens system includes a con- 
denser and three imaging lenses. Image 
diameter on the photographic plate is 
96 mm. A. 12-plate-holder camera and 
a roll-film cassette are rapidly inter- 
changeable without admittance of air, 
(Siemens and Halske, Dept. S583) 


© PROGRAMMER-COUNTER is used to turn 
on and off test apparatus whose limits 
are sensed by strain gages or other trans- 
ducers with a maximum output that does 
not exceed 100 mv d-c. The device has 
adjustable upper and. lower operating 
limits. A counter registers each cycle of 
on-off operation. The counter may be of 
the preset type. (Spar Engineering and 
Development Inc., Dept. $581) 


™ LINEAR COUNT-RATE METER is designed 
to power and to detect radioactivity 
sensed by Geiger-Miiller, scintillation, 
and proportional-counting detectors. Six 
linear scales cover the ranges from 0 to 
300 count/min to 0 to 300,000 count/ 
min. The power supply is regulated. 
(Nuclear Measurement Corp., Dept. 
$593 ) 


DATA PRESENTATION UNIT will present 
up to 20,000 alphanumeric characters 
per second. The storage-type oscillograph 
tube used retains the display until it is 
intentionally erased. Any one of 64 char- 
acters, approximately 1% in. high, may be 
selected and recorded in any one of 1024 
positions. A total of 400 characters may 
be displayed at one time. (Advanced 
Electronics Manufacturing Corp., Dept. 
S589) 


™ PROGRAMMED CURRENT PULSE GENERA- 
TOR provides controlled, fully _ pro- 
grammed current pulses for research on 
and testing of digital systems and com- 
ponents. High-level current pulses are 
supplied from a high-impedance source. 
Programming is based on an eight-step, 
periodically repeated pattern with a 
maximum step repetition frequency of 
200 kcy/sec. Pulse width is continually 
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ae Difco Manual and other descriptive 
its literature ilable on request 
1S- 
8 a ROM ROR £0) Bele) a°R DIFCO LABORATORIES 
las 
ng 95 Madison Ave. New York 16, N. Y. ee ee eee 
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ultimate i, 


convenience 





FISHER 


REAGENT-GRADE 
SODIUM HYDROXIDE 50% 
POTASSIUM HYDROXIDE 45% 
in POLYETHYLENE 
CUBES* 


pour right from 
the package! 





¢ Lightweight © Liquid-Tight 
© Space Saving ¢ Safe Closure 
¢ Purity Protection © No Deposit 


Now Sodium Hydroxide 50% and Potassium 
Hydroxide 45% are almost as easy to handle 
as a baby! That’s because they are factory 
sealed in lightweight, unbreakable and dis- 
posable polyethylene “‘Cubitainers.”” These 
are shipped in double corrugated ICC- 
approved cartons. The inner carton, which 
holds the chemical-resistant cube, ingeni- 
ously converts into a handled pitcher with 
an easy pouring spout that safely reseals 
after each use! Another Fisher First for 
lowering reagent costs (you save dollars per 
gallon!) while increasing laboratory safety. 
* other concentrations packed in 

“Cubitainers” on special order 


ORDER DIRECT: 


Sodium Hydroxide (catalog no. So-S- 
254) is $8.80 / gal,$33 per case of 4, 


Potassium Sf pba yy ripe no. So-P- 
236)is $11.75/ gal, $43.60 per case of 4, 


139 Fisher Building, Pittsburgh 19, Pa, B-58a 


FISHER 
SCIENTIFIC 





IN THE U.S.A. Chicago Philadelphia IN CANADA 
Boston on and Pittsburgh © Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Va. New York Washington Toronto 


America's Largest Manufacturer-Distributor of 
Laboratory Appliances & Reagent Chemicals 


530 





2 RONALD Books — 


Principles of 
PLANT PATHOLOGY 


ELVIN C. STAKMAN 
J. GEORGE HARRAR 


Just Published! This authoritative 
book explains the interrelationships 
between plants as economic resources 
and the diseases which limit their pro- 
ductivity. Provides a comprehensive 
examination of the general principles 
of phytopathology and relates them to 
the international distribution of plant 
pathogens, the etiology of major plant 
disease, and fundamental considera- 
tion of international plant protection 
and disease control. 165 ills., tables; 
581 pp. $8 


BIOLOGY and CONTROL 
of the SMUT FUNGI 


George W. Fischer and Charles S. 
Holton. New! Condensed yet compre- 
hensive review of today’s knowledge 
on the smut fungi and their role in 
human welfare. Treats phylogeny, 
morphology, taxonomy, etc., of the 
smut fungi. Host family register of 
over 1100 species of 33 genera. 117 
ills., tables; 622 pp. $10 


Also by Fischer . . . 


e Manual of the North American 
Smut Fungi 136 ills.; 343 pp. $8.75 


e The Smut Fungi—A Guide to 
the Literature, with Bibliography 
387 pp. $8.50 


EMBRYOLOGY of the 
VIVIPAROUS INSECTS 


Harold R. Hagan. Pioneer sourcebook 
offers a complete discussion of the 
embryogenies of viviparous hexapods. 
Presents a comprehensive bibliogra- 
phy of earlier papers on viviparity. 

. a valuable addition to any en- 
tomologist’s library.” SCIENCE. 167 
ills., tables; 472 pp. $7 





MOSQUITOES: 


Their Bionomics and 
Relation to Disease 


William R. Horsfall. Comprehensive 
volume summarizes all available in- 
formation on bionomics of mosquitoes. 
Discusses role of each insect in spread 
of malaria and other diseases. “. 

Horsfall has performed a gigantic 
task.” American Scientist. 206 
tables; 723 pp. $16 


The CULTIVATION of 
ANIMAL and PLANT CELLS 


Philip R. White. Theoretical and tech- 
nical treatment of laboratory culture 
methods for animal and plant cells. 
Offers latest information for isolation, 
cultivation, and use of cells as re- 
search tools. “Highly recommended.” 
Plant Life. 54 ills.; 239 pp. $6 


Order your books from: 








THE RONALD PRESS COMPANY 





15 East 26th St., New York 10 








Simplify your 
Ch nomatognraphic 
5 ratuiug Probleme 
atthe 


CHROMAT-0-TEST 


A NINHYDRIN AEROSOL 








RES NO 
REDE ECIAL 


18) (OED sya te) (Om aver 


182 FIFTH AVENUE 
NEW YORK 10, N.Y. 


LAMBDA-PETTES 


Ce oe ee 2 ee ee 2 


Many other types of quality micropipettes, made in our own 
glass shop, evailable direct or from 54 local decler. 
Please write for the RSCo MICROPIPETTE Catalog 155 





RESEARCH SPECIALTIES CO. 


Hopk 
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adjustable from 0.5 to 50 psec. Rise time 
is variable from 0.15 to 2 usec, fall time 
from 0.15 to 2 psec. (Rese Engineering, 
Inc., Dept. S591) 


® pLANIMETER for integrating linear strip- 
chart records is designed to accept charts 
up to 3 7/16 in. wide. The curve is fol- 
lowed by a pointer that is positioned by 
a hand-controlled knob. A_ variable- 
speed, foot-control drive permits the 
operator to adjust the speed of traverse 
to his ability to follow the curve. Opti- 
mum accuracy is + 0.1 percent. A similar 
instrument is available for integrating 
square-root charts. (Librascope, Inc., 
Dept. S592) 


™ DIRECT-RECORDING OSCILLOGRAPH pro- 
vides 20 recording speeds from approxi- 
mately 0.08 to 128 in./sec. Illumination 
of the galvanometers is provided by a 
single source whose intensity is adjusted 
automatically to each recording speed 
range. Up to 50 recording channels may 
be provided. Frequencies as high as 3000 
cy/sec and trace velocities above 30,000 
in./sec can be recorded and viewed im- 
mediately without processing. (Midwest- 
ern Instruments, Dept. S582) 


™ VOLTAGE REFERENCE SUPPLY is designed 
to replace No. 6 dry cells in instruments 
and controls. The supply, designed to re- 
semble the dry cell and substitute for it 
with no modification requirements, sup- 
plies 1.5 v at 6 ma with 0.25 percent sta- 
bility to input variations from 108 to 
125 v. (Performance Measurements Co., 
Dept. S604) 


HE DIFFERENTIAL PRESSURE TRANSDUCER 
measures pressures in full-scale ranges 
from + 0.1 to + 100 Ib/in?. The measure- 
ment principle is a magnetic pressure- 
sensing diaphragm operating between 
coils in a magnetic reluctance system 
with two active arms. Full scale output is 
typically 40 mv/v. Linearity is +1 per- 
cent of range, and hysteresis error is 
within 1 percent of maximum pressure 
excursion. (Pace Engineering Co., Dept. 
$598) 


RECORDING BALANCE, manufactured by 
Sartorius-Géttingen, is available in 
ranges from 0 to 100 ug to 0 to 10,000 
ug. The balance has a quartz beam sus- 
pended from a 7-mil torsion wire. The 
object to be weighed is suspended from 
the end of the beam and counterhbal- 
anced. Changes in weight are counter- 
acted by magnetic force to maintain the 
position of the beam. The change in cur- 
rent required to effect compensation can 
be used to record weight changes. The 
balance may be operated in vacuum. 
(C. A. Brinkman and Co., Inc., Dept. 
$594) 

JosHuA STERN 
National Bureau of Standards 


13 SEPTEMBER 1957 


























Biochemicals 


NUCLEIC ACIDS 
for growth studies. 






YEAST ADENYLIC ACID 


for its inhibition of tumor growth in mice. 


PURINE COMPOUNDS 
for growth inhibition studies. 


N-ETHYL MALEIMIDE 
for its reported antimitotic effect in tissue culture of 


chick fibroblast. 










TRIPHENYL TETRAZOLIUM CHLORIDE 


for determination of cancerous tissue. 






TRIPHOSADEN® 
(Schwarz Brand of Adenosine Triphosphate) for 
phosphorylation studies. 





These Schwarz fine chemicals satisfy the exacting requirements of 
products intended for laboratory and biochemical use. 


To assure the user of highest quality and purity, rigid specifica- 
tions in accordance with latest literature are established for each 
product, each lot is carefully analyzed and checked before ship- 
ment, complete records are permanently kept, and an analysis is 
furnished the user if desired. 


Quantity production resulting from the wide preference and de- 
mand for Schwarz high-quality biochemicals provides ample sup- 
plies at low cost. Write for informative technical bulletins, specifi- 
cations, references to literature and latest complete price list. 


SCHWARZ LABORATORIES, INC. 


Leading Manufacturers of Yeast Biochemicals 
and Fine Chemicals 

230 WASHINGTON STREET, MOUNT VERNON, NEW YORK S.-380 
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e Variable speed 
range 85 to 
285 osc. per min. 


e Temperature 
range 30°C. to 
100°C, + .5° 


e Available for 
shaking various 
size flasks. 


A shaking appara- 
tus that is ex- 
tremely useful for 
cultivating micro- 


taining bacterial growth curves. 





PRECISION LABORATORY 









ROTARY WATER 
BATH SHAKER 





organisms under conditions of aeration and with 
more precise temperature control than is possible 
in an incubator. It is particularly valuable in ob- 


Detailed information available upon request 


~NEW BRUNSWICK SCIENTIFIC CO. 


APPARATUS 








P. 0. BOX 606 + NEW BRUNSWICK, W. 4. 
















BIND °EM... 
and you'll 
find thei! 


Keep your copies of SCIENCE always available for 
quick, easy reference in this attractive, practical 
binder. Simply snap the magazine in or out in a few 
seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Sturdily con- 
structed—holds 26 issues. 


This beautiful maroon buckram binder stamped in 
gold leaf will make a fine addition to your libra 

Only $3.25 postpaid; add 50¢ for orders outsi e 
U.S.A. (Personal check or money order, please.) 
Name of owner, 75¢ extra; year of issue, 50¢ extra. 


SCIENCE 


e 1515 Massachusetts Ave., NW, 
Washington 5, D.C. 











PERSONNEL PLACEMENT | 








CLASSIFIED: 18¢ per word, minimum 
charge $3.60. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below — 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on lg go! ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Replies to blind ads should be addressed 
as follows: 


Box (give number) 

Science 

1515 Mensachusstts Ave., NW 
Washington 5, D. 














(Willi! POSITIONS OPEN  |jjiiiiilill 





Biostatistician (medical). For new growing non- 
profit organization under national, medical, and 
hospital association sponsorship. Duties: re- 
sponsible for statistical activities under direc- 
tion of the director of the Commission; program 
involves research and service in statistics and 
data processing, on a nation-wide basis, using 
clinical medical data. Permanent. Masters mini- 
mum. Starting salary, $7700-$12,000 de pages 
on qualifications, Write to Dr. Virgil N.S 
Director, Commission on Professional and Bee’ 
pital Activities, Inc., 211 First National Build- 
ing, Ann Arbor, Michigan. 9/1 








III POStT10NS OPEN |i 


(a) Clinical Chemist, Ph.D., qualified to super- 
vise department; ample opportunity for re- 
search; department well staffed, well equipped; 
250-bed general hospital; New England. $9500. 
(b) Physiologist or Biophysicist, Ph.D., well 
trained in general physiology or neurophysiology 
with adequate research experience; should be 
interested in general area of effects of light 
and radiant energy on human organism ; newly 
created position as result of expansion program 
on light; university city, Midwest. (c) Micro- 
biologist qualified in virology or experimental 
immunology; medical school pediatric research 
department; South. (d) Bacteriologist, prefer- 
ably Ph.D. ; association, group of pathologists ; 
medical school city, East. (e) Instructor in 
general biology; liberal arts college; Pennsyl- 
vania, (f) Bacteriologist, supervisory position, 
infectious diseases research laboratory; affiliated 
medical school; master’s required; opportunity 
faculty appointment; East. S9-2, Medical Bu- 
reau, Burneice Larson, Director, 900 North 
Michigan Avenue, Chicago. >. 








Medical Technicians, General (male) for em- 
ployment with U.S. Government. Under 38 
years of age. Must be U.S. citizen. Military 
experience in medical field desirable. Knowledge 
of x-ray and laboratory procedures necessary. 
Willing to serve overseas. Beginning salary 
$4080 per annum plus allowances. We request 
that initial reply include professional a 2 
and military a Box 235, SCIENCE. 
8/16, 23, 30; 9/6, 13, 20, 27 





MICROBIOLOGIST TISSUE CULTURE. 
Position available large expanding research and 
routine laboratory. Experience in _tissue-culture 
methods for research project. Minimal super- 
vision of clinical diagnostic bacteriology. Salary 
$7000 to $8000 per year. Address Director, 
Singer Research Laboratory, Allegheny General 
Hospital, Pittsburgh 12, Pa. Include curriculum 
vitae. 8/30; 9/6, 13 





iii POSITIONS OPEN |i 


Director, a and research tuberculosis 
laboratory, central Florida, physician or non- 
noo microbiologist or clinical chemist. 

art-time emplo: Cee a will be considered. Write 
Dr. Albert V. Hardy, Director, Bureau of Lab- 
oratories, State Board of Health, P.O. Box 210. 
Jacksonville, Florida. uc 














PHARMACOLOGIST 


To Direct 
Research Group 


We seek a top-level scientist and 
administrator to direct and expand a 
program with a wide variety of proj- 
ects. Eastern seaboard location. Sal- 
ary open. If you are interested in an 
outstanding industrial opportunity 
with a large pharmaceutical manu- 
facturer, send complete résumé. 


Box 261, SCIENCE 














SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for Sep- 
tember positions in many states and many for- 
eign lands. No fees. Apply, direct. Also study 
awards. ay $1 for complete job data, salaries. 
CRUSADE, SCI, Box 99, Station G, B 

22, ve EW TF 


iiiiil|POstr10Ns WANTED) 


Assistant eager for medico-natural or social 
science post; 3 years of chemi- technical ex- 
perience; 2 years university experimental Psy: 
chology. Box 245, SCIENCE, 











rf 
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iil POSITIONS WANTED |i 





Chemist (major, general chemistry ; minor, bio- 
chemistry) ; 6 years, associate professor of bio- 
chemistry, one of leading universities; 8 years, 
director of research, pharmaceutical company. 
Medical Bureau, Burneice Larson, Director, 
900 North Michigan Avenue, Chicago, 





Microbiologist, Ph.D., with experience in medi- 
cal mycology and ba acteriology, immunology, and 
chemotherapy desires challenging research posi- 
tion. Box 258, SCIENCE, ».4 





il POSITIONS WANTED |i 


Microbiologist, Ph.D., varied experience. De- 

Sires teaching in field or other sciences with 

opportunity for research. Box 257, SCIENCE. 
9/13, 20 








Physiologist-Pharmacologist. Ph.D., 30. Main 
interest in nervous system; 2 years of research- 
teaching, medical school pharmacology depart- 
ment; 2 years of industrial experience as spe- 
cialist in neuropharmacology. Desires research or 
research-teaching position. Box 268, SCIENCE. 

9/ 20 





The MARKET PLACE 








invoices will be sent on a charge 

account basis — provided that satis- 
factory credit is established. 

$22.00 per inch 
21.00 per inch 


Single insertion 

13 times in 1 year 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 
For PROOFS on ‘gg’ ads, copy must 


reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














|| BOOKS AND MAGAZINES ii 








WANTED TO 
PURCHASE... 


SCIENTIFIC 


PERIODICALS 
and BOOKS 


Sets and runs, foreign 
and domestic. Entize 
libraries and smaller 
collections wanted. 


WALTER j. JOHNSON, INC. 
111 Fifth Avenue, 


ew York 3, New York 











Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and = of 
fea od files you are willing to 7) at ee mar- 
t prices. Write Dept. A3S, J. S. C Inc 
Boston io" pote Ne 


SGENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
—————__———. Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N, Y. 3, N. Y. 











i|PROFESSIONAL SERVICES ||| 








01 
Request No, Moreree 
Brochure and MAU ALILAE tag Aaa 
Publication TRENT Tried A baled 
CHEMISTRY INC 
yt db aed Chemists, Engineers "Wai 
on letterhea Bacterlologists iawall’ 














ey r W. Truesdail, Ph.D., President 
C.E. P. Jeffreys, oe ‘D.. Technical Director 








WOULD YOU LIKE A 
ROYALTY INCOME? 


Have you a potential drug product re- 
quiring further clinical development? 
If you have please write telling only 
what it is for, how it is used and what 
has been done with it so far. If we are 
quiring further clinical development? 
with you. BOX 249, SCIENCE 
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iii POStT1ONS WANTED || 


Medical Bacteriologist, Ph.D., teaching and in- 
dustrial experience, age 45, desires academic 
betterment. Box 260, SCIENCE X 








Pharmacologist, Ph.D., additionally specialized 
biochemistry; 10 years as assistant research di- 
rector; past 6 years administrative appoint- 
ment, eastern pharmaceutical concern; seeks 
similar appointment, large organization; recom- 
mended as outstanding administrative-minded 
scientist. Woodward Medical Personnel Bureau, 
185 N. Wabash, Chicago. 


























HOLTZMAN 
COMPANY 


. continuous group uniformity 


i Rte. 4, Box 205 Madison, Wis. 
Phone ALpine 6-5573 
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GERMANTOWN, NEW YORK — Phone 3535 


ems ct 








we ver, 
or Rina, 


albino rats” 


*Descendants of the 
Sprague- -Dawley and 
Wistar Strains 
e 


Hypophysectomized 
Rats 


eh 
s 





® 
— a FOSTER, D.V.M. 
ent and Director 
THE CHARLES. RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 











UNIFORM . 
Webster Swiss 


ALBINO MICE 


ARMER ENTERPRISES 
Croton Falls, N.Y. 
\ 














“OUR PREVIOUS AD 


' 

| created a great deal of interest, ! 
for which we are grateful. Addi- | 
| tional advertising in your magazine ; 
| 

| \ 
’ J 


is contemplated.” 








BOOKS + SERVICES + SUPPLIES + EQUIPMENT 
|\\||| SUPPLIES AND EQUIPMENT ||| | |) SUPPLIES AND EQUIPMENT Hit 
DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 


ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 


Price list on request 
DAN ROLFSMEYER CO. @ Ph. 6-6149 
Route 3, Syene Road, Madison, Wisconsin 


{alMotte 


Water Soluble pH Indicators 
Highly Purified 
Instantly Soluble 
No mixing — No waiting 








Send for LaMotte Catalog 


Chemical Controls for: 
pH, Chlorine, Phosphates 
and Polyphosphates, etc. 


LaMotte Chemical Prod. Co. 
Dept. H, Chestertown, Md. 


BACTERIOLOGICAL AND _ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 


2548 NORTH 27th ST. PHILA. 32, PA. 




















YOU can TELL and SELL 
more than 33,500 scientists 
here .. . at a very low cost. 


Your sales message in an ad this size costs only 
$55.00 at the one-time rate—less for multiple in- 
sertions. And the results!—well, here’s what one 
of the many satisfied advertisers in SCIENCE has 
tosay ... 


“SCIENCE {s consistently our most profitable 
medium. Business secured solely thra SCIENCE 
ads has been the backbone of our success In this 
field.” 

“We carry a considerable amount of advertising 
in various periodicals, but none Is so productive 
of results as SCIENCE.” 


Prove to yourself the effectiveness of SCIENCE in 
increasing your Market, Sales and PROFITS—send 
your ‘Copy’? NOW—or write for further informa- 
tion and Rate Card No. 29-A. 


SCIENCE 11 West 42 St. 


New York 36, N.Y. 
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GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the AAAS Indianapolis Meeting 
by first class mail — early in December 


The General Program-Directory of the 124th Meeting of the AAAS in Indianapolis, Dec. 26-30, 
1957, will be available to anyone, at cost, within the first week in December—whether he can attend 
the Meeting or not. You will want the General Program-Directory for your reference shelf. 


Program content Directory content 


1. The two-session general symposium, “Moving Frontiers of 1. AAAS officers, staff, committees for 1957. 
Science II: Concepts That Mold Our Lives,” arranged by 


the Committee on AAAS Meetings. 2. Complete roll of AAAS presidents and their fields, 
2. The six sessions of the Conference on Scientific and Tech- 3. The 271 affiliated organizations. 

nical Editorial Problems. 4, Hida deck ee ae Pa Digg, ee 

N ‘ J . Historical sketch and organization of the Association; 

Bi inadoneee: 18 AAAS sections (symposia and con the Constitution and Bylaws. . 
4. Programs of the more than 60 participating societies. 5. Publications of the Association. 
5. The Special Sessions: AAAS, Academy Conference, Con- 6. AAAS Awards and Grants—including all past winners. 

ference on Scientific Manpower, National Geographic 

Society, Phi Beta Kappa, Sigma Xi-RESA. 7. Membership figures by sections. 
6. Details of the Murat Temple—center of the Meeting— 8. Section committees (Council members) in detail. 

and of the hotels and other session sites. 
7. Titles of the latest foreign and domestic scientific films 9. Local committees. 


to be shown in the AAAS Science Theatre. , 

10. Future Meet f the AAAS through 1962. 

8. Exhibitors in the 1957 Annual Exposition of Science and ee ee a te 
Industry and descriptions of their exhibits. 11. New and current activities of the AAAS. 


Advance Registration 


Advance registration has these decided advantages: 1)You avoid delay at the Registration Center upon arrival; 2) You 
receive the General Program-Directory in ample time to decide, unhurriedly, which events and sessions you particularly wish to 
attend; 3)Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY. — 

la. O Enclosed is $3.00 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, and all 
privileges of the Meeting. 

1b. 1 Enclosed is $2.00 for only the Program-Directory. (It is understood that, if I should attend the Meeting later, the 


Badge—which is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 
(Check one) 


D. PUP MO tee coe scce cc caves s Gdbedaeb al oe dee Se ae ae ‘ 
(Please print or typewrite) (Last) (First) (Initial) 

3. ACADEMIC, PROFESSIONAL, OR 

BUD RapeRPININERRS TON, oic5 hs oo obese velco cb e500 ee sie ts o0-eeins woe dine.e,6.0 eid ore se WiIbiNth bie MOMet nee etal inaamnG : mureie mam ‘ 
QED Ca MES PURPE SELIG 05 + 5 56 wns cie's os alege’e osiaw@is apnfbwreledb ood bhi 0160 ne ow Sein area’ baat aem es eatin gee sven 

(For receipt of Program-Directory) 

Ds MDI AED MOE AURREG OL oo. 5 iv n'0'S Gens oc) ovine deve HacWlc web wd SURO BE Ble 0’ ¢ misteiielSinlele uaa dtaeens ielie 8 6-6a- emia ate eels 
G. COON VEIN EDU PASE DINGS oe sc nes esis Cb eb reek Ware e Retis UOs in Bie I Dbte 6a 68 yep cdlt Oe ure Ol aaa Rnalog Mh Ser 4 shiek he eee eee ‘ 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $3.00 or $2.00 to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D.C. 
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By photographing molecules while 
they are under centrifugal force, the 
Analytical Ultracentrifuge allows 
direct measurement of molecular 
weight, sedimentation constant, 
purity —and gives information on 
homogeneity, molecular weight dis- 
tribution, molecular shape and size. 


Proteins 


New developments in equipment and 
technique have extended the classic bio- 
chemical uses of. the Ultracentrifuge to 
more precise measurements, to smaller 
molecules, and to a variety of different 
molecular studies. Synthetic-boundary 
cells allow sedimentation measurements 
of molecules to molecular weights as low 
as a few hundred. Interference optics 
permit direct calculation of molecular 
weight without edditional data. Absorp- 
tion optics accurately measure nucleic 
acid concentrations to 0.001% (“Ultra- 
centrifugal Analysis of Dilute Solutions,” 
Schumaker and Schachman, Biochimica 
et Biophysica Acta, 23,628, 1957). 





INTERFERENCE FRINGE PATTERN of 5 
cells run simultaneously in An-G type rotor. 


New Measurements on Polymers 
with the Ultracentrifuge 


Plastics 


The addition of high temperature equip- 
ment now enables Ultracentrifuge runs 
on plastics and other materials which are 
insoluble at lower temperatures. Control 
is better than 0.1 degree at temperatures 
to above 100° C. 

New theoretical developments permit 
direct measurement of weight-average- 
molecular weights in polydisperse sys- 
tems (“Direct Ultracentrifuge Molecular 
Weights of Synthetic High Polymers,” 
Kegeles, Klainer and Salem, presented 
at 3lst National Colloid Symposium, 
New York, June 27-29, 1957). 











CONCENTRATION IS MEASURED early 
in low-speed run at meniscus and outer cell 


edge, and weight average calculated directly. 


BECKMAN/SPINCO 
Analytical Ultracentrifuge, 
Model “E.” Speeds to 60,000 rpm, 
centrifugal forces to 260,000 G. 
Available with refrigeration, 
heating and vacuum systems; 
interchangeable analytical and 
preparative rotors; absorption, 
schlieren and Rayleigh fringe 
optical systems. 


Petroleum 


Both “Preparative” and “Analytical” 
Spinco Ultracentrifuges have been found 
to offer new information in studying 
crude oils and petroleum fractions (“A 
Study of the Colloidal Characteristics of 
Petroleum Using the Ultracentrifuge,” 
Ray, Witherspoon and Grim, presented 
at 3lst National Colloid Symposium, 
New York, June 27-29, 1957). 





ABSORPTION PATTERNS showing sedi- 
mentation of petroleum dispersed in ben- 
zene. 














Our Technical Sales Department will be happy to cor- 
respond with you on Ultracentrifuges or ultracentri- 
fuge applications. Address Beckman /Spinco Division, 
Stanford Industrial Park, Palo Alto 5, California. 






Beckman: 


Spinco Division 


a division of Beckman Instruments, Inc. 





DO YOU 
KNOW 
THESE 4 FACTS 
ABOUT 


Ortho-Hluminaler? 


1 ASSURES MAXIMUM OPTICAL PERFORMANCE OF 
YOUR MICROSCOPE — Koehler type illumination— 
ideal for bright field... phase... interference ... polar- 
izing ... and dark field microscopy and photomicro- 
graphy. Numerical aperture... and field diaphragm 
settings regulated accurately and effectively — permit 
full resolving power of your microscope. 


OFFERS WIDE SELECTION OF FILTERS — Eight levels 
of intensity .. . plus daylight, green and red filters... 
quickly selectable by simple finger-tip rotation of tur- 
ret mounted filters. Optimum intensity and correct 
contrasting color selection are very important factors 
to reveal the specimen detail you're investigating. 


Write Dept. U-2 for ORTHO-ILLUMINATOR Brochure $8-600 


3 PROVIDES PERMANENT ALIGNMENT WITH MICRO- 


SCOPE— Three point positioning device precisely 
locates and rigidly retains any make microscope equip- 
ped with horseshoe base. Microscope may be removed 
and easily repositioned against locating device with- 
out disturbing absolute alignment. Near parallel beam 
of light evenly illuminates entire field of view. 


COSTS LESS THAN YOU THINK — Model 600 AO- 
Spencer Ortho-Illuminator complete... $165.00. 
Optically and mechanically designed to give you years 
of trouble-free service ., . maximum efficiency... and 
reduced fatigue. 


formerly available from Silge & Kuhne, San Francisco 


American Optical Company 


Instrument Division ¢ Buffalo 15, N.Y. 











